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SUMMARY OF COMMANDS AND EXECUTION TIMES 



Command 

Load A 
I^oad B 
Load C 
Load D 
Load Index 
Load X 
Store A 
Store A Repeat 

Store B 

Store D 

Exchange A and B 

Exchange A and C 

Exchange A and D 

Exchange A and I 

Replace A With I 

Replace I With A 

Exchange A and X 

Exchange A and X Low Bits 

Replace A With X 

Replace A With X Low LMts 

Replace X With A 

Exihangc A and M 

Masked Exchange A and M 

Replace A With M 

Replace M With A 

Exchange A and Q 

Replace A W^ith Q 

Replace Q With A 

Clear A and B 

Complement A 

Me rge 

Extract 

Reduce Index 

Add 

Subtract 

Multiply 27 

Multiply 21 

Multiply 14 

Multiply 7 

Divide 27 

Divide 21 

Divide 14 

Divide 7 

Square Root 

Shift A Left Arithmetic 

Sliift A Right Arithmetic 

Sliift A Left Logical 

Shift A Right Logical 

Shift A Left Logical Closed 

Shift AB Left Arithmetic 



Word 
Times 

2 

2 
2 
2 
2 
2 
2 
l(X + 2) 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

30 

24 

21 

10 

31 

25 

18 

11 

16 

28* 

28* 

28 

28 

28* 

28* 



Micro- 
seconds 

266 

266 

266 

266 

266 

266 

266 

133 

(X+2) 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 
3990 
3192 
2793 
1330 
4123 
3325 
2394 
1463 
2128 
3724* 
3724* 
3724 
3724 
3724* 
3724* 



Command 

Shift AB Left Arithmetic/ Logical 

Shift AB Right Arithmetic/ Logical 

Float Shift A Left Arith miotic 

Float Shift A Left Logical 

Float Shift A Left Logical Cloacd 

Float Shift AB Left Arithmetic 

P'loat Shift AB Left Arithmetic/Logical 

Jump Unconditionally 

Jump A Zero 
Jump A Negative 
Jump A Low Bit 
Jump Inde x 
Jump Overflow 
Jump Parity Error 
Stop--Jump Resume 
Jump Record Address 

Jump Record Address 1 

Junijj Record Addrosrf C 

Block Transfer 
Scan Table Greater Than 
Scan Table Less Than 
Scan Table Equal 
Scan Table Not Equal 
Scan Analog 
Scan Digital Input 
Inhibit Inter r\;pt On 
Inhibit Interrupt Off 
Set Analog Sequence 
Activate Control Signal 
Digital Input: Flexowriter 



Digital Input: 
Digital Input: 
Digital Input: 
Digital Input: 
Digital Input: 
Digital Input: 
Digital Input: 
Digital Input: 
Digital Output: 
Digital Output: 
Digital Output: 
Digital Output: 
Digital Output: 
Digital Output: 
Digital Output: 



Toggle Switches 

Teletype Reader 

High-Speed Tape Reader 

Console Switches 

Digitran Switches S26-21 

Digitran Switches SJ6-31 

Digital Clock 

Group Inputs 
Fie xowriter 
Output Buffer 
Single-Bit Outputs On 
Single-Bit Outputs Off 
High-Speed Tape Punch 
Multibit Output 
Logging Typewriter 



Word 


Micro- 


Times 


seconds 


28* 


3724* 


28 


3724* 


28 


3724 


28 


3724 


28 


3724 


28 


3724 


28 


3724 


(OPS- 


(OPS -CIS) 


CIS) 


133 


2 


266 


2 


266 


2 


266 


2 


266 


2 


266 


2 


266 


« 


* 


(OPS- 


(OPS -CIS) 


CIS) 


133 


(OPS- 


(OPS-CIS) 


CIS) 


133 


(OPS- 


(OPS -CIS) 


CIS) 


133 


« 


« 


* 


« 


* 


* 


* 


« 


* 


* 


* 


* 


* 


* 


2 


266 


2 


266 


2 


266 


2 


266 


2 


266 


2 


266 


2 


266 


2 


266 


2 


266 


2 


266 


2 


266 


2 


266 


2 


266 


2 


266 


- 2 


266 


2 


266 


2 


266 


2 


266 


2 


266 


2 


266 



See tabular listings 
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SECTION 1 
INTRODUCTION 



SCOPE OF THIS MANUAL 

This manual provides information essential to a general understanding of the pro- 
gramming characteristics of the TRW-330 digital control computer, particularly 
those characteristics that are relevant to industrial control applications, for 
which the TRW-330 has been designed. 

In order that this nnanual may be used as a basic programming handbook for the 
TRW-330 computer, a detailed breakdown has been included on the computer's 
flexible instruction repertoire and its various modes of operation. 

In some cases, where more detailed information is available in separate naanuals, 
the reader is referred to the place where the detailed information is available. 



NOTE 



It is the intent of this manual to describe every feature available with the 
TRW-330 computer. Therefore some of the material presented here will 
probably not be applicable to any given TRW-330 control installation. 
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SECTION 2 
TRW=330 CHARACTERISTICS AND CAPABILITIES 



GENERAL 

The TRW- 330 is a stored-program, digital control computer designed specifically 
for real-time industrial control applications. It is a 2's complement bi nary 
machine. 

The computer is assembled in two or more vertical rack-and-panel cabinets 
bolted together to form a convenient package. Each cabinet is 84 inches high, 
23 inches wide, and 24 inches deep. 

The general design features of the TRW = 330 computer include the following: 

(a) The circulating registers are completely solid state. 

(b) No vacuum tubes are used in the machine. 

(c) The motor that turns the magnetic drum is an induction type, with 
excellent starting characteristics and no tendency to "drop out" during 
line fluctuations. 

(d) The time-of-day clock uses mercury-wetted-contact relays. 

(e) The guarded sections of memory are protected by toggle switches or, 
where program control of the guard feature is required, by mercury- 
wetted-contact relays. 

(f) The analog input system can sample sixty points per second using a 
single amplifier, so that only one amplifier is required for each TRW- 330 
system. Furthermore, the amplifier used is a solid state type, including 
the choppers. 

MEMORY 

The memory of the TRW- 330 computer is a magnetic drum that rotates at 
approximately 3540 revolutions per minute. The drum contains from 64 to 
1024 tracks of 128 sectors, or words, per track. 

Word time for the TRW-330 computer is approximately 133 microseconds. 
Each drum revolution takes approximately 17 milliseconds. 



DATA AND INSTRUCTION WORDS 

Each word in the TRW -330 consists of 28 binary digits, or bits. 

The binary information contained in a TRW-330 word may represent numbers, 
alphabetic codes, control patterns, etc. Such words are called data words. 

The binary contents of a word may represent a computer instruction such as 
add, subtract, jump, etc. These words are called instruction words. 

The 28 -bit data word consists of a sign bit and 27 naagnitude bits. 

The 28-bit instruction wo:^d contains two fields: a 10-bit command field and a 
"] 1/6-= bit operand field; t^jftSol the bits are not used in an instruction word. The 
operand field may contain either an operand address 4fSiiiiHMlHMMIMil&) or the 

The long word length provides certain inherent advantages: it allows direct 
addressing of the largest memory the machine can contain; by allowing an 
operand to be contained within the instruction, memory storage requirenaents 
are reduced and the need for accessing such constants is eliminated. This 
long word also allows rapid manipulation of messages and coded data. 



PARITY CHECKING 

Parity is checked on all operations involving memory access. 

Each time a word (data or instruction) is stored in memory, a parity bit is 
generated and stored with the word. When,ever the word is read from memory, 
another parity bit is generated and compared with the previously stored parity 
bit. If the parity bits do not agree, a parity error signal is generated. 



DIGITAL INPUT -OUTPUT 



The TRW-330 computer can accept on-off signals from external sources, per- 
mitting digital inputs from such devices as switches, relays, paper-tape readers, 
time -of -day clocks, contact closures, etc. 

Digital output signals can be applied to external equipment such as electric 
typewriters, paper -tape punches, relays, solenoids, controllers, etc. 



ANALOG INPUT-OUTPUT 



Variable voltages from measuring instruments and transducers can be auto- 
matically sampled and converted to digital form by the TRW- 330. Up to 1024 
of these analog input signals can be converted to their binary equivalents with 
a full"=scale accuracy of 0. 1%, and stored on the memory drum automatically. 

The results of control calculations, exipressed as binary numbers, can be 
automatically converted into voltages or currents to be applied to transducers 
or other control devices. 



REGISTERS AND COMMANDS 

Several registers, numerous command options, and a number of special commands 
have been included in the TRW = 330 computer to aid programming, increase the 
effective speed of the machine, and to solve certain problems frequently encountered 
in industrial control. The standard computer has five registers (B, C, D, I, and X) 
(in addition to the accumulator A register) that are under the control of the pro = 
grammer. All of these registers are switchabte with the accumulator. Three 
of these registers (B, C> and D) are addressable, so that their contents can be 
used as operands. Two of these registers and the accumulator (A, B, and D) 
are directly storable in the aasMWii^'niernory, Some of the registers have special 
features: one is an index (I) register that can be incremented or decremented 
by any amount up to 2 -1. The X register functions in a float, or shift and 
count, command and in scan commands, 

A repeat command permits a single word to be recorded in sequential sectors 
of any track. 

Multiply and divide instructions can be performed in quarter-, half-, and three- 
quarter -length increments, as well as full-length; this makes it possible to 
match the command length to the word length for these commands, and thus 
substantially reduce program running time. 

An automatic computer stop command is standard. 

The ability to mark the current place in the program, branch to a subroutine, 
execute the subroutine, and subsequently return to the marked place, is standard 
on the TRW -3 30. 



The block transfer feature is standard on the TRW -3 30; the block may be any 
length up to 128 words. 

Analog and digital input scan commands and a table search command provide 
capabilities that are unusual in a drum comiputer. The analog scan, specially 
designed for industrial control, allows the program to compare 128 converted 
analog inputs against upper and lower limits in 34 milliseconds. Digital in- 
puts can be scanned to detect a change from a previously stored image at the 
rate of one line every ten microseconds., 

The table search command permits words recorded on the sectors of one track 
(comparison track) to be compared with the contents of corresponding sectors 
of a specified reference tracko The search can be made for equality between 
the comparison word and the reference word, for inequality, for less than, and 
for greater than. The search is masked by a word loaded into one of the working 
registers; thus any single bit position, or any combination of bit positions, or 
entire words may be compared. 

During execution of the table search command, the computer sequentially 
compares each comparison word (results of calculations, inputs, etc, ) with 
its corresponding reference word. When the condition sought for is found, 
the computer identifies the word, and its location, that satisfies the condition. 

For systems entailing heavy logging or tape punching duties, a 512-character 
output buffer is available to drive logging typewriterSj Flexowriters, and/or 
paper tape punches. 

The contents of all computer registers used by the programmer can be dis- 
played on the computer control panel during program execution. Under 
program control, the contents of any register or memory cell may be typed 
out on the Flexowriter j, or displayed on the operator's console display in 
modified form. 



INTERRUPT 

An interrupt feature of the TRW- 330 allows the computer program to be inter 
rupted by a switch closure occurring in circuits external to the computer. 
Upon receipt of an interrupt signal, the computer automatically stores the 
address of the next instruction as a re-entry address^ and then transfers 
to the interrupt program. After determining the source and nature of the 
interrupt and taking responsive action, the computer returns to the naaster 
control program and continues at that point where it was interrupted. As 
many as 112 priority interrupts are available. 



PROGRAMMING SOFTWARE AND MAINTENANCE CHECKING 

A library of subroutines and interpretive routines is available, to extend the 
capabilities of the TRW-330 computer to scientific and general -purpose ap- 
plications. 

Generally speaking, anything that helps the programmer also assists the 

maintenance man. Numerous features built into the TRW-330 for the 

benefit of the programmer will aid speedy localization of failures. For 

instance, the block transfer command and the table comparison command 

(one mode of the scan command), coupled with the parity check, make it 

piossible to quickly localize a memory fault. A toggle switch allows the maintenance 

engineer to cause the machine to stop at any point, rather than merely record a 

parity error. 

The flexible command structure and memory organization makes it easy to keep 
certain maintenance programs, such as the utility package, permanently stored 
in the machine. 

Features that reduce human fatigue and assist in checking programs include: 
(a) the ability to remain seated while stepping through a program; (b) easily 
read neon bulb displays; (c) only one button need be depressed to step through 
an instruction; (d) the stop-on-jump switch makes it possible to stop at pre- 
determined points in the program. 

TYPICAL TRW-330 INSTALLATION 



A process control installation by TRW Computers Company consists typically 
of the TRW-330 digital control computer, its analog input -output subsystem, 
and one or more optional subsystems depending upon the requirements of the 
specific installation. These subsystems may include expanded interrupts, 
priority interrupts, selective analog updating, programmed computer operations 
checks, digital output buffering to logging typewriters, and paper tape chroma- 
tograph peak integrators, etc. 
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SECTION 3 
MEMORY ORGANIZATION 



GENERAL 

The TRW-330 can address directly as many as 1024 tracks and any one of 128 
sectors of each track. 

Tracks and sectors are numbered in octal notationo The first track on the 
memory drum is numbered 000. The last track on the memory drum is 
numbered 177 for a 128 track drum, 377 for a 256 track drumi, 777 for a 512 
track drum, and 1777 for a 1024 track drum. Sectors are numbered 000 through 
177. 

In the following paragraphs, the track numbers reserved for special purposes 
are listed. In a specific installation, all of these track reservations may not 
be required. In those cases, the remaining special-purpose tracks may be 
used for general storage. 



GENERAL STORAGE 

General storage is divided into tracks which are writable under programi control, 
and tracks which are nori- writable. Non-writa.ble tracks can be written into by 
naanually throwing a switch during program loading. In general, the control 
programs are entered into the non-writable tracks to preclude any possibility 
of these programs becorriing inadvertently destroyed during normal operation. 
Writable tracks provide storage for intermediate solution of programmed com- 
putations. The ratio of writable to non-writable tracks will vary from one 
installation to another, depending upon special requirements. Normally, 
writable and non-writable tracks are arranged in groups oi "%^tm 16. 

- "ARIT^HMEXIC.. REGISTERS 

Track numbers 075, 076, and 077 are used to address the B, C, and D arith- 
metic registers, respectively. Therefore no tracks on the drum correspond 
to these track addresses. If these track addresses are used, the corresponding 
arithmetic registers will be addressed. 
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LOADER- VERIFIER 



V 



Tracks 000 and 001 contain a permanent Loader-^'erifier routine. The programmer 
cannot write into this track. The Loader -Verifier is used for entering programs 
into other tracks, for verifying their accuracy, for entering scaled decimal infor- 
mation into the computer to obviate operator conversions, for entering routines at 
points designated by the computer control panel breakpoint switches, and for other 
utility purposes. 

The use of these tracks is described in Section 13. 

FAST -ACCESS TRACKS 

Track addresses 060, 061, 062, and 063 are reserved for temporary storage of fast- 
access data. Data may be read from or written into these tracks under program 
control. This information can be accessed in one-fourth the time that data can 
be accessed on other tracks. 

This set of fast-access tracks is actually a single track, of 128 words, with 
four heads mounted 90 degrees apart. Thus every word on the track can be 
accessed from any of the four heads, and thus from any of the four track addresses. 

Installations requiring 256 words of fast-access data will also have track addresses 
054, 055, 056, and 057 reserved for this purpose. 

Since each fast-access track uses four track addresses for 128 words, each set 
reduces the total addressable general storage by three tracks, or 384 words. 



DIGITAL OUTPUT TRACK 

Track 072 is reserved for digital output buffering. The use of this track is 
described in Section 8, 



ANALOG INPUT TRACKS 

Tracks 024 and 025 are reserved for analog input data. Tracks 064 and 065 
are reserved for analog input control. The use of these tracks is described 
in Section 9, 

ANALOG OUTPUT TRACK 

Track 074 is reserved for analog output buffering. The use of this track is 
described in Section 10, 
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INTERRUPT SYSTEM TRACKS 

Tracks 037 and 073 are reserved for entry into and exit from priority interrupt 
subroutines. Track 037 contains the response routine entry address for each 
interrupt used in the system. When the computer responds to an interrupt, the 
address for re-entry into the main program is stored in track 073. 

The sectors on these two tracks used for interrupts is equal to the nunnber of 
interrupt lines designed into the specific systemi. The remaining sectors on 
both these tracks may be used for general storage. 

The use of the interrupt tracks is described in Section 11. 
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SECTION 4 
ARITHMETIC AND CONTROL UNIT 



GENERAL 

The TRW-330 has nine arithmetic and control registers. Six of the registers 
are available to the programmer; three registers are used for control purposes 
and are not directly accessible to the programmer. 

Three of the program accessible registers, (A, B, and D) , are full word lengths 
each containing 28 bits. Two of the registers, (C and I), contain 16 bits each, 
and one register, (X), contains 8 bits. 

Two of the control registers, (N and Y) , are 16 bits in length, and one control 
register, (E), is 8 bits in length. 

Associated with the control unit also are three static registers, two indicator 
flip-flops, and two to eight interrupt registers. 



AR*"TtiMETf^ REGISTERS 



A REGISTER 

The A register, 28 bits long, is the principal arithmetic register. 
The contents of A can be stored into or loaded from memory. A holds 
the augend, sum, dividend, quotient, multiplicand, and product of 
arithmetic operations. It can be shifted left or right, or its contents 
exchanged with other registers. The contents of A can be examined 
for zero, less than zero, for odd, or for overflow. Data can be 
merged into or extracted from A. 

B REGISTER 

The B register, with 28 binary digits, acts as a secondary arithmetic 
register. It holds the least significant half of the double length product 
in multiplications, and the remainder in divisions and square roots. 
The principal function of the B register is to provide temporary storage 
for intermediate program results, B can be loaded from or stored into 
memory, exchanged with A, and its contents can be shifted right or left 
in conjunction with the A register. 

The B register is addressable. Its track address is 075. 
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C REGISTER 

The C register contains 16 binary digits. It can be used as temporary- 
storage „ The C register i^ used in multiply and divide commands, 
which destroy any previous data in this register. It is also used in 
jump and search commands „ The contents of A and C may be exchanged. 

The C register is addressable. Its track address is 076o 



D REGISTER 

The D register is a 28-bit register used principally for temporary 
storage during calculation, D can be loaded from memory, or its 
contents exchanged with the contents of A, 

The D register is addressable. Its track address is 077, 



I REGISTER 

The I, or index register, holds 16 binary digits. Its principal 
purpose is to modify the operand address during the execution of 
indexed instructions. The I register can be loaded from memory 
or switched with A, Its contents can be decremented or incremented 
by any magnitude. 



X REGISTER 

The X register is an 8-bit register. It can be loaded from memory 
or its contents exchanged with the 8 least significant bits of Ac The 
X register is used in shift, scan, and store A repeat commands o 



CONTROL REGISTERS 



N REGISTER 

The 16-bit N register is the principal control register of the TRW-330, 
It is not available to the programmer. In the RESUME-STEP mode of 
operation, the N register contains the address of the next instruction. 
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Y REGISTER 

The 16-bit Y register is used for intermediate storage of the operand 
address, and in the RESUME-STEP mode of operation contains the 
non-indexed operand address in non-indexed instructions, or the modi- 
fied operand address in indexed instructions, except in multiply and 
divide commiands. It is not available to the programmer „ 



E REGISTER 

The 8-bit E register controls the time required to perform commands 
which take more than one word time to execute. 



STATIC REGISTERS 



The three static control registers are those for track address, for command, 
and for computer state. These registers are not available to the programmer, 



INDICATOR FLIP-FLOPS 

The two indicator flip-flops associated with the control register are those for 
overflow and for parity error. 



INTERRUPT REGISTERS 



For those installations of the TRW- 330 that include a priority interrupt system, 
registers for priority determination (masking) and for holding interrupts are 
included in the arithmetic and control unit. The masking registers are M 
registers; the holding registers are Q registers. The interrupt registers 
may be 8-bit, or 16-bit, or 24-bit, or 28-bit registers, as necessary. The 
rainimum priority interrupt system may include only an 8 -bit Q register and 
an 8-bit M register; the maximum interrupt system, to handle 112 interrupt 
lines, may include four 28-bit Q registers and four 28-bit M registers. 

The interrupt registers are described in more detail in Section 11, 
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SECTION 5 



WORD STRUCTURE AND MACHINE OPERATION 



GENERAL 

The binary contents of a TRW-330 word may represent numbers, alphabetic 
codes, control patterns, etc. ; these are called data words. 

The binary contents of a word may represent a computer instruction such as 
add, subtract, jump, etc. ; these words are called instruction words. 



DATA WORDS 



A data word consists of 28 binary digits, or bits. The first 27 bits represent 
the magnitude of the number contained in the word. The 28th bit represents 
the sign of the magnitude. A binary zero in the sign position indicates that 
the magnitude is positive. A binary one in the sign position indicates that the 
magnitude is negative. 



Bit Positions 



Binary Word 
Octal 



Equivalent 



Sig 
1 


n 














MAGNI 
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! 1 


■ ■" J 


TUDE 
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27 
1 


26 25 
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24 23 22 
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1 

18 17116 


15 


14 


! i 1 

13jl2jllil0 9 8 


7 6 




5 
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•1 


»- 
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»■ 
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3 





The relationship between the binary and octal number systems makes it con- 
venient to group the bin^y^contents of a data word into groups of three, starting 
at the least significant eas^of the word. In this manner it is possible to express 
the number octally. The binary and octal equivalents from zero through seven 
are tabulated as follows. 
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BINARY 
000 
001 
010 
Oil 
100 
101 
110 
HI 



OCTAL 

1 
2 
3 
4 
5 
6 
7 



Froiti this tabulation the binary contents of the word illustrated above can be 
converted to the octal equivalent, 0600000003, 

Negative quantities are expressed in 2's complement in the TRW-SSO computer. 
To change the sign of any magnitude (positive to negative, or negative to positive), 
it is necessary merely to change, all ones to zeros and all zeros to ones, (including 
the sign bit), and add one to the result. Thus, the magnitude of the binary number 
in the above example can be expressed as a negative binary number as: 
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The octal equivalent of this number is 1177777775. 

The two numbers, 0600000003 and 1177777775, have equal magnitudes although 
their signs are opposite. Each is expressed as the complement of the other. 



INSTRUCTION WORDS 

An instruction word is made up of 28 binary digits divided into two general fields; 
the operation code (command) field, and the operand address field. 




sH y^ /vi-M^u'-ii '% 



The operation code is contained in the ten high-order bits of the instruction 
word. The operand address is contained in the 16 low-order bits of the instruc- 
tion word. The operand address consists of two subfields; the sector address 
and the track address. Bit position 18 is a spare bit and has no significance in 
the instruction word. Bit position 17 is used in TRW-330 computers having a 
memory capacity greater than 64 thousand words to expand the track addresses 
above ^TTo. 

It is convenient to indicate the contents of an instruction word in octal notation. 
The operation code, the operand track address, and the operand sector address 
should be converted from binary to octal separately according to their fields. 
The following example illustrates the binary contents of an instruction word and 
its octal equivalent. 



BINARY 000 HI 010 00 000 100 101 1 100 001 

V \ ^_ / V -.. ; ■.. V — - — ' ^ V 

OP CODE OPT OPS 



^ 



■*— ; ■ . ■ — S/-— 

OPA 
OCTAL 7 2 4 5 1 



In some instructions the contents of the operand address field can be the operand 
itself rather than the address location of the operand. In this case the octal 
representation of the operand address is not divided into the sector and track 
groups as in the example, above, but all 16 bits of the operand address field 
are converted directly. The following example illustrates the binary and octal 
equivalent of this type of instruction. 

BINARY 100 ill 010 00 001 001 Oil 100 001 

OCTAL 4 7 2 - 1 1 3 4 1 

The octal number 011341, in this case, is the actual operand rather than the 
address of the operand. The largest octal number which can be contained in 
the operand address field is 177777. This is equivalent to the decimal number 
65, 535. Operands which are included in the instruction word are treated as 
positive numbers by the computer. 
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OPERATION CODES 

The TRW-330 computer reads instructions from memory and, executes them in 
proper sequence. An instruction consists of an operation code and ah operand 
address. The data in the 16 bit operand address field nnay be the address of 
the operand, or, in certain cases, it may be the actual operand. In cases 
where the command does not require an operand, (shifts, switches, and digital 
commands), the data in the operand field can nnodify the command. 



The operation code is made up of the ten high-order bits of the instruction word. 
Bits 20 through 24 make up the basic operation code and the remaining bits act 
as command modifiers, or tag bits. 

<— Modified OP Code- 

I Basic__ 

rOP Code 



Execution Code 
1 = Index 




INDEX TAG 

Bit 19 is the index tag bit which modifies the operand address of those commands 
requiring operands or the transfer address of jump comnnands. The basic 
operation code together with the index tag bit make up the two least significant 
octal digits of the operation code. For example, the basic add command is 
XX70. To index this command it is necessary only to add one to the basic 
command (XX70 + 1 = XX71). All even numbered operation codes are un-indexed. 
All odd numbered operation codes are indexed. 

The true operand address of indexed instructions is the address located in the 
operand address field less the nciagnitude present in the index register: OPA-I. 
Since the index register contains 16 bits, it is capable of modifying either the 
track address, the sector address, or both. For exannple, if the apparent 
address is 042-036, and the contents of I correspond to 001-002, the true 
operand address of an indexed instruction would be 041-034. Note, however, 
how the contents of the index register would appear in binary. 
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Apparent operand address 

Less contents of I 

True address of operand 



Binary Octal 

0001000100011110 042-036 

0000000010000010 001-002 

0001000010011100 041-034 



Because all 16 bits of I are subtracted from the apparent operand address of 
an indexed instruction, any number in the sector field of the index register 
can cause the apparent operand track address to be modified. For example: 



Apparent operand address 

Less contents of I 

True address of operand 



Binary 

01000100011010 
00000001110000 
01000010101010 



Octal 

042-032 
000-160 
041-052 



NORMAL OR DELAYED TAG 

Tag bit 28 determines the address of the next instruction in relation to either 
the current instruction or the operand address of the current instruction. A 
zero in tag bit 28 designates that the instruction operates in the nornmal n^ode 
and that the next instruction address is a function of the current instruction 
location. A one in tag bit 28 designates that the instruction operates in the 
delayed mode and that the next instruction address is a function of the operand 
address. Instructions with the most significant octal digit of the operation 
code a zero (OXXX), are referred to as normal instructions. Instructions 
with the most significant octal digit of the operation code a one (IXXX), are 
referred to as delayed instructions. 



NORMAL MODE OPERATION 



The next instruction address (NIA) of a normal mode instruction is always 
two greater than the current instruction sector (NIA = CIS + 2). If the operand 
address (OPA) is one greater than the current instruction address, maximum 
optimization is achieved. The following figure illustrates how normal mode 
instructions operate. The time required to read and execute any normal mode 
instruction where the OPA is one greater than CIA, is two word times, or 
266 microseconds. 




001 = CIA 

002 = OPA for CIA 

003 = NIA 



Read Head 



The CIA is 001; therefore, the NIA is 003. If the OPA is located in 002, then 
at the end of word 002, the computer is ready to read the next instruction in 003. 

The following figure illustrates the condition where OPA is not one greater than 
CIA. 




001 = CIA 

004 = OPA for CIA 

003 = NIA 

Read Head 



After reading the CIA in 001, the computer must wait until sector 004 (OPA) 
comes under the read head before executing the instruction. Sector 003 (NIA) 
has already passed under the head and the computer must wait for almost one 
drum revolution before it will be able to read the next instruction. The 
interim between the time the instruction in 001 is read and the time the instruC' 
tion in 003 is read is one drum revolution plus two word times. 

In this case, use of a delayed mode instruction would save operating time. 



DELAYED MODE OPERATION 



The next instruction address (NLA) of a delayed mode instruction is always one 
greater than the operand address (NIA = OPA + 1), Thus, the use of a delayed 
instruction in the last example given under Normal Mode Operation would prevent 
the computer from waiting for almost one drum revolution before reading the 
next instruction. The following figure illustrates the manner in which a delayed 
instruction locates the next instruction address. 



001 = CIA 

004 = OPA 

005 = NIA 




Read Head 



The next instruction is.iimmediately available to the computer as soon as the 
current instruction has been executed** Note that. whenever the interval between 
CIA and NIA in either the normal or delayed mode of operation includes the 
regression, of sector 177 to sector 000, the track address of NIA does not change. 
NIT is always equal to CIT except when the programmer purposely includes a 
jump instruction. 
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OPERAND MODE OPERATION 

Instructions which require operands may be modified by tag bit 27, A one bit in 
bit position 27 uses the data in the operand address field as the operand itself 
rather than the address of the operand. For example, the instruction "Add, 
operand mode" appears as 

BIN 100 110 000 XX 000 000 000 000 Oil 

OCT 4 6 3 

This instruction adds 000003 to the contents of the A register. It does not add 
the contents of track 000 sector 003. 



ive instructions wlriTrh ' "'c an be execrated ir^ the o pe ratitd jnnode J Load A, Load B, 
Load D, Merge, and Extract) ^«?iTHb«/tagge<i»with bil^ 2 6^ of tlie "operation code. 
This permits the 14 least-significant bits of the instruction word to operate on 
the 14 most- significant bits of the affected registers. 

-5%e--*hi*^d!«iTECrS"t-«T^^ 

1 3xjTrs-Tr!n'rrlre°""T''5|^^ 

The largest integer that may be used as an operand is 65,035i0' ^^ 1777773. 



OperandAinstructions cannot be indexed, nor is parity checked. 

/ \ 

EXECUTION CODE TAG 

Tag bits 25 and 26 are used as modifiers in multiply, divide, scan, shift, 
store A repeat, and digital commands, and are referred to as execution code 
bits. Refer to these commands for their specific applications. 

ADDRESSING B, C, AND D REGISTERS 

Any command which directly addresses a memory location may also address the 
B, C, and D registers. The track addresses 075, 076, and 077 are reserved 
for this purpose. Thus it is possible to use the contents of these three registers 
as operands. Track addresses 075, 076, and 077 address the B, C, and D 
registers respectively. 

A few examples of the use of these registers are presented below indicating the 
contents of the pertinent registers before and after the instruction is carried out. 
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OP CODE 

LOAD A 

LOAD B 
ADD 
LOAD X 
REDUCE I 
STORE A 
MERGE 



TTT-SSS 
075-XXX 

076-072 

076-XXX 

076-XXX 

077-XXX 

076-XXX 

076-XXX 



BEFORE 

A = 0770777777 
B = 0013000000 

B = 0770007777 
C = 100032 

A = 0770707777 
C = 100100 

X = 177 

C = 100100 

I = 100077 
D = 0333000007 

A = 0333366666 
C = 005701 

A = 1776000000 
C = 000123 



AFTER 

A = 0013000000 
B = 0013000000 

B = 0000100032 
C = 100032 

A = 0771010077 
C = 100100 

X = 100 
C = 100100 

I = 100070 

D = 0333000007 

A = 0333366666 
C = 166666 

A = 1776000123 
C = 000123 



Note that when loading full length registers from shorter length registers, the 
remaining bits of the register being loaded are cleared. 

The use of a delayed mode instruction, when addressing the B, C, or D register, 
permits the programmer to arbitrarily determine the location of the next instruc- 
tiono The location of the next instruction is one greater than the operand sector 
address o For example, in the Load B instruction above, the next instruction 
sector address will be 073,, (072 + 001 = 073). 
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SECTION 6 
COMPUTER CONTROL AND MAINTENANCE PANEL 



GENERAL 

Operating controls and neon indicator lamps are mounted on the TRW-330 com- 
puter control panel. These controls and indicators are used primarily by the 
programmer for entering and debugging programs, and by the maintenance 
engineer for periodic maintenance tests. 

TRW-330 computer control switches are used as an aid to the programmer in 
loading programs into the computer, and for checking programs for errors. 



RUN-STOP SWITCH 



The RUN-STOP switch is located at the bottom of the computer control panel. 
During normal computer operation this switch must be in the "RUN" position. 
When the switch is thrown to the "STOP" position, the computer completes the 
present instruction and stops its operation before locating the next instruction. 
When the computer is stopped, the progrannmer may inspect the contents of the 
registers and of the control flip-flops. The- operation of the R.UN-STOP switch 
is linked with the RESUME -STEP button operation. 



RESUME -STEP BUTTON 



The RESUME-STEP button is used whenever the computer has stopped. 
Depressing the RESUME-STEP switch causes the connputer to locate and per^ 
fornn the next instruction. 



JUN RUN-STOP SWITCH 

During normal computer operation, the JUN P.UN-STOP switch must be in the 
JUN RUN position. When the switch is thrown to the "STOP" position, the com- 
puter stops whenever it encounters an unconditional jump instruction. Pushing 
the RESUME -STEP button will then permit the computer to continue its program 
until the next unconditional jump is encounter ed» The programmer will find the 
use of this switch a convenience in debugging large areas of control programs » 



BREAKPOINT SWITCHES 

The 18 toggle switches located in the center of the computer control panel are 
breakpoint switches. Each switch represents a binary one or zero. A switch 
in the "up" position represents a binary one, A switch in the "down" position 
represents a binary zero. Thus, any number from zero to 2^°-l may be 
represented by the breakpoint switches. 

The switches are grouped into threes to allow the switches to be set or read 
in octal notation conveniently. They are also grouped into track and sector 
fields when addresses are to be formed by the breakpoint switches. 

The contents of the breakpoint switches can be entered into the 18 least 
significant bits of the A register with a digital- input instruction having a track 
address of 001. 



START SWITCH 



When the START button is depressed, the computer is immediately forced to 
take its next instruction from track 000, sector 000. This location is called 
the "origin". The permanently recorded jump instruction contained in the 
origin takes the computer into a short routine to inspect the contents of the 
breakpoint switches. The configuration of the breakpoint switches then deter- 
mines the ultimate destination of the computer, whether it is to the load or 
verify routines, to one of the several utility routines, to the executive program, 
etc. 



INTERRUPT BUTTON 

The INTERRUPT button is an alternative interrupt source for test and mainte^ 
nance purposes, or for program checkout. 



INDICATORS 



TRW-330 indicators are neon lamps located in the control panel and indicate 
the binary contents of the registers, or the on or off conditions of control 
flip-flops, 

FLIP-FLOPS REGISTERS SWITCH 



The FLIP-FLOPS REGISTERS switch is used to select the source of the infor 
mation to be displayed by the 28 neon indicators at the top of the computer 
control panel, 
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When the switch is in the REGISTERS position, the binary contents of the Y, N, 
A, B, C, D, I, or X registers may be determined by throwing the REGISTERS 
switch to the corresponding register position. Binary ones are indicated by 
the corresponding neon lamp being on. Binary zeros are indicated by the corre- 
sponding neon lamp being off. 

When the switch is in the FLIP-FLOPS position, each neon indicator corresponds 
to the state of the flip-flop with which it is associated. Not all indicators are of 
interest to the progrannnaer, however. The STATE flip-flop indicators (FSl, 
FS2, and FS3) will be set to State 1 when the computer is stopped. State 1 is 
indicated by FS3 and FS2 neons off, and FSl neon on. 

The TRACK ADDRESS neons, FTl through FT 10, represent the Track Address 
of the next instruction when the computer is stopped in State 1. The sector 
address of the next instruction can be read in the first seven neon indicators 
marked Sector Address. 

The operation code is indicated by the nine neon lamps marked Operation Code. 
In the STOP condition of State 1, the operation code will be that of the previous 
instruction. 

The FOF neon lamp indicates whether or not an overflow has occurred in the 
A register, and FP2 neon lamp indicates a parity error has occurred. 

The MASTER neon indicator is off during normal computer operation. It is 

on only when loading programs into those tracks which are otherwise protected. 

The WRITE indicators 1, 2, 3, and 4, when lighted, indicate those track groups 
which are being protected. 
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SECTION 7 
PROGRAMMING PARTICULARS 



GENERAL 

The general procedure when writing a program for a digital computer such 
as the TRW -330 is to consider the program as consisting of three parts: 
the statement of the problem, the flowgrami . and the program listing. 

The statement of the problem should detail briefly the problem to be 
solved or the function to be performed. 

The flowgram is a simiple outline illustrating the functional steps the 
computer will follow in solving the problem. The flowgram may be general 
or detailed, but should provide enough of a transition between the statement 
of the problem and the actual listing of instructions to make clear the re- 
lationship of the one to the other. 

A listing of the instructions in detail is made from the flowgrami. The 
listing must be written in a format which is acceptable to the computer, 
and is usually written in a sequential manner, one instruction following 
the next in the same way the computer will perform the instructions. 

The sample flow conversion program that follows demonstrates the procedure 
in writing a program as outlined above. 



SAMPLE FLOW CONVERSION PROGRAM 



STATEMENT OF PROBLEM 


Solve flow cal 


culation F = P + R"yE - 


where: 


E = 100-1000 at 2"^^ 




S = 2-10 at 2"^ 




T = AOO-700 at 2""^^ 




R = 1000 at 2"\^ 




P = -100 at 2"-^^ 


FLOWGRAM 




L^-N 


S — ►Req. 


M14-N 


SE 
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D27N 
SQ 

M27N 
ADN 



SE 
T 



—JSE 



R 



P + R 



1 



SE 



LISTING 



LOCATION 



OP 
CODE 



OPERAND 



REMARKS 



030-000 



0070 



030-001 



S at 2 



-4 



030-002 



0102 



•(A) 



020-003 



(S)(E) at 2'^^ - SE at 2'"^L^(A) 



030-023 



0312 



030-024 



030-062 



^'Of76^ 



077-000 



■5 mi - 

0006 



(A)/Tat2-^^ =(g|)at2-^^ 



030-064 



077-000 



•yP^CA) at 2 



-3 



030-104 



0302 



030-105 



-15 



030-142 



"p" 



(R at 2" ) f(A)J-->(A) at 2 



-18 



030-143 



P at 2 



+ R' 



>JU - -18 

/T at 2 



rjH- 



030-144 



6^ 



030-145 



— >F at 2 



030-001 



D 4- 2, - 04 



-4 
S at 2 = 2. 



030-024 



D -f 400, 0-12 



-12 
T at 2 = 400. 



030-105 



D 4- 1000 - 15 



R at 2'^^ = 1000. 



030-143 



D - 100„ 0-18 



P at 2 



-18 



100. 



TRW-330 MACHINE LANGUAGE LOADER /VERIFIER 

INTRODUCTION 

The TRW-330 Machine Language Loader/ Verifier is a permanently stored 
routine designed to perform the following functions: 

LOAD a LISTABLE TRW-330 tape containing instructions and constants 
arranged in the format illustrated. 

LOAD a BINARY tape containing 1 to 511 tracks of information. 
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VERIFY the information punched in either a Listable or Binary tape with the 
information stored on the drum. When two words do not agree, the memory- 
word and its address are printed. Verifying does not stop when errors are 
detected. 

Generate a CHECK SUM for either the Listable or Binary tape as it is loaded 
and compare this sum check against ones punched at the end of the Listable 
tape program or at end of each track on a Binary tape. Loading stops if the 
two check figures disagree. 

NOTE: Whenever loading; STOPS, whether it is to indicate check sum failure 
or simply a normial stop loading, the generated check sum is 
transferred into the A-Register before the STOP occurs. 

The UNIVERSAL BREAKPOINT feature of the Loader /Verifier provides the 
progranamer with easy access to any track and sector on the drum simply by 
setting the console toggle switches and pressing START. 

TAPE FORMATS 

Listed below are the tape formats acceptable to the Loader/ Verifier. 

Instruction Formats 

(a) Normal or Delayed Mode 



atttt-sssIxxxxXtttt-sss ^/ 



(1) (2) (3) 

Example: 

A0005-004 0070 0041-037 Acceptable 

A5-004 0070 41-037 Preferred 

Note: Leading zeros in track address can be suppressed, 
(b) Operand Mode = Octal Operand 

atttt-sssIxxxxXnnnnnn ^ I 

B B R 

(1) (2) (4) 

Example: 

A132-176 0424 205777 ^/ 
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(c) operand Mode; Decimal Operand 

T ' -^ c 

ATTTT-SSS4XXXX ;DIIIIL F .-YY I 

!»,, H -^-^ R 

(1) '(2) (5) (6) 

Examples; 

A177-124 0470 D. 95-16 
A3-000 0424 D389. 75-25 
A41-136 0420 D65535-27 

(d) Upper Fill Mode 

ATTTT-SSslxxXxloNNNNN ^/ Octal Operand 

(1) (2) (7) 

ATTTT-SSsIxxXxIdIIIII. F -YY ^/ Decimal Operand 

(1) (2) (8) 

Octal Constants 

(a) Positive Namiber 

ATTTT-SSsloNNNNNNNNN ^/ 
(1) 

Example: 

( + 147)_ Scaled 2"^^ = 0000000147 

o 

A50-37 000147 

Note: Up to four leading zeros can be suppressed. Octal 
constants must contain at least 6 digits. 

(b) Negative Number 

ATTTT-SSsS-ONNNNNNNNN ^ I ^ 
(1) 
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Example: (-147) 
8 

A50-37 -0000000147 

Note: This format permits listing a negative number as a minus 
positive number. The loader converts it to the 2' s 
complement and stores the number. 

(c) Negative Number 2' s ComLplem.ent Form 

ATTTT-SSsllNNNNNNNNN ^/ 

(1) 
Example: 

A50-37 1762000727 



Decimal Constants 



(a) Integers 



atttt-sssId^nnnnnnnnn. -yy ^/„ 

(1) (9) (10) 

Examiple: 

A13-124 D4-57983. -27 
A53-000 D+0. -00 

(b) Fractions 

T C 

ATTTT-SSSAD+. FFFFFFFFF +YY / 

(1) (11) (12) 

(c) Mixed Numbers 

ATTTT-SSS^Dflllllll. FFFF-YY ^/ 
(1) (13) (10) 
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(d) Flex Constant 

ATTTT-SSSAFX^X-X X. ^/^ 
B 1 Z 3 4 R, 

(1) (14) (15) 

Example: 

A7-007 F132A Mixed Alphanumeric 
A65-177 FATSC All Alphabetic 
A32-000 F1234 All Numeric 



SYMBOLS USED 



(1) ATTTT-SSS 

( 2) XXXX 

(3) TTTT-SSS 

(4) NNNNNN 
Max. NNNNNN 

(5) DIIIII. F 
Max. Iim. F 

(6) -YY 

(7) Max. ONNNNN 

(8) Max. mil, F 

(9) D+-NNNNNNNNN. 

(10) -YY 

(11) D4-. FFFFFFF 



= (Location Address) 



8 



= (Operation Code) 



8 



= (Operand Address) 



8 



= (Operand) 



= (377777) 



8 



= (Operand) 



8 



10 



= (65535) 



10 



= (Operand Scale Factor) 



10 



= (037777) 



8 



= (16383) 



10 



= Decimal Integer .«, ._^ 

O ^ J s . «m . ITS' 

Maximum Integer >ff268, 435, 455kJB 
= (Scale Factor) 

YY Range: 00 to 27 
= Decimal Fraction 



(12) 



NOTE: Minimum Fraction . 00000001 
4-YY = (Scale Factor) 



10 
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(13) Positive Scale Factors are valid. However, the shift left 
occurs after number is converted. Therefore, the fraction 
0. 00000001 still represents the smallest fractional number 
which can be loaded. 

(14) D+IIIII. FFFF = Signed Mixed Decimal Number 

(15) F = Flex Constant Flag 

(16) X X X X = Any four flex codes 

LOADING THE TAPE 

Either Listable or Binary punched tape information can be loaded into the 
TRW-330 computer by carrying out the four following steps: 

(1) Insert the punched tape into the Flexowriter reader. 

(2) Turn the Flexowriter power on. 

(3) Set the toggle switches on the control panel to 000000. 

(4) Push the START button. 



VERIFYING THE TAPE 

After the tape has been loaded, the information entered into memory can be 
verified by repeating the steps used when loading the tape except that the 
toggle switches m.ust be set to 000001. If the information in a word in memory 
does not compare with the information of the corresponding word on the 
punched tape, the address of the memory word and its contents are printed. 



USING THE UNIVERSAL BREAKPOINT 

The operator can force the computer to transfer to any sector of any track 
by setting the toggle switches to the desired address less 10 , and then 
pushing the START button. For example, to transfer to Track 101 Sector 040, 
set the toggles to 101-030 and push the START button. The computer will 
take its next instruction from 101-040. The subtraction of 10 must be 
carried out modulo ^177 . Thus, to transfer to 120-000, the toggles must 
be set to 117-170. 
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TRW -330 UTILITY PACKAGE 

The Utility Package is a set of general utility routines designed to aid the 
TRW-330 user in program checkout. The basic package consists of eight 
programs which can be selected and controlled fronn the TRW-330 Operator's- 
Control Panel by settings of the 18 toggle switches. Each of the Utility 
Routines is described briefly below. For a detailed write-up on the Utility 
Package refer to TRW-330 Progrann Library routine nunnber 0002. 

(1) READ TOGGLE ADDRESS: transfers the contents of the memory 
address specified by the settin^2,s of the toggles switches, T,„-T1, 
to the D register. The memory address appears in the A register, 

(2) STORE TOGGLE WORD: allows the operator to enter and store 
one instruction or constant in any selected mennory location 
through toggle sw^itch settings, 

(3) BINARY DUMP: punches a tape in binary formiat of information 
from 1 to 511 consecutively addressed tracks. The tape so 
produced is acceptable to the TRW-330 Loader /Verifier . 

(4) CHECK SUM: calculates and prints the octal sum of the' contents 
of each of the tracks specified by the toggle switch settings. Each 
checksum is preceded by its corresponding track number. 

(5) MEMORY WRITE: stores a toggle selected constant into any block 
of consecutively addressed sectors. 

(6) OCTAL DUMP: prints the contents of the toggle selected nnemory 
locations as ten digit octal numbers. 

(7) INSTRUCTION DUMP: prints in instruction format the contents 

of any consecutive group of memory track locations from a partial 
track up to 511 complete tracks. 

(8) DECIMAL DUMP: prints as decimal nunnbers the contents of any 
consecutive group of miennory locations from a single word up to 
511 complete tracks. Each word is output as a signed mixed 
number scaled according to the positive or negative scale factor 
assigned. Print out of leading zeros is suppressed. 

SUMMARY OF BASIC UTILITY ROUTINE ENTRIES 

The operator can enter any of the above routines by making the appropriate 
toggle setting, then pressing START. In all cases the computer will HALT 
and the operator then will make several additional toggle switch settings to 
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define the various program parameters. The following table summarizes 
all the toggle settings necessary to use the Basic Utility Routines. The 
Individual programs automatically select the necessary Flex punch/print 
conditions. 



Toggle 
Setting 



Routine 
Settings 



(Entry 
Setting)g 

T - T 
18 1 



(Scale 
Factor) 



8 



(1st 
Address:) 

T - T 
18 1 



8' 



(Last 
Address) 



8 



18 



1 



Instr/ Constant 



T - T 
10 1 



T - T 
18 1 



Read Toggle 
Address 

Store Toggle 
Word 

Binary Dump 

Check Sum 

Memory Write 

Octal Dump 

Instruction 

Dump 
Decimal Dump 



000005 

000007 
000377 
000200 
000201 

000400 



000401 
000600 



+ XX 



TTTT.-SSS 

TTTT-SSS 
TTTT-000 
TTTT-000 
TTTT-SSS 

TTTT-SSS 



TTTT-SSS 

Itttt-sss 



TTTT-000 
TTTT-000 
TTTT-SSS 

TTTT-SSS 



TTTT-SSS 
TTTT-SSS 



Op code, or 
4 MSD 



Op code, or 

4 MSD 



OP A, or 
6 LSD 



OPA, or 
6 MSD 



NOTE: To use this table, make each toggle setting indicated in the 
order listed. Columns showing dashes are to be igriored. 

Example: 

To print out the contents, in decimal formiat, of the 10 consecutive words 
located from 125-000 to 125-011, each word scaled 2 , the following steps 
are required: 



(1) Set toggles to 000600 

(2) Push START button 

(3) Set toggles to 000111 

(4) Push RESUME button 

(5) Set toggles to 125-000 

(6) Push RESUME button 

(7) Set toggles to 125-011 

(8) Push RESUME button 



-9 
(2 ^) 



Note that bits 7-1 read, in binary, 1001001. Bit 7 designates "negative"; 
bits 6-1 designate the decimal number "9". 
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FAST ACCESS TRACK CORRESPONDENCE CHART 



TRACKS 



SECTORS 



! 

|\060 


061 


062 


063 

1 




062 


063 / 


060 




063 


060 


i ^^1 i 


063 \ 


060 


06i 


062 


\ 




t i 


000 


\ 040 


100 


1 
140 


001 


\041 


101 


141 


002 


Q42 


102 


i 142 


003 


0^3 


^ 103 


! 143 


004 


044 


' 104 


j 144 


005 


04^. 


! 105 


! 145 


006 


046 \ 


I 106 


; 146 


007 


047 


107 


i 147 


010 


050 


1 no 


; 150 


Oil 


051 


111 


: 151 ; 


012 


052 


' 112 


152 i 


013 


053 


113 


i 153 j 


014 


054 


114 


i 154 : 


015 


055 


1 15 


155 : 


016 


056 


116 


' 156 • 


017 


057 


117 


157 . 


020 


060 


120 


160 ! 


021 


061 


121 


, 161 ; 


022 


062 


122 


162 • 


023 


063 


123 


\ 163 


024 


064 


124 


164 ; 


025 


065 


125 


U5 i 


026 


066 


126 


11)6 1 


027 


067 


127 


1&! 1 


030 


070 


130 


ncrJ 


031 


071 


131 


171 -■{ 


032 


072 


132 


172 


033 


073 


133 


173 . 


034 


074 


134 


174 ' 


t 035 


075 


135 


175 , 


036 


^76 


136 


176 : 


037 


077 


137 ' 


177 ' 





10 



Table of Powers of 2 



2" n 2" 

10 1.0 

2 1 0.5 

4 2 0.25 

8 3 0.125 

16 4 0.062 5 

32 5 0.031 25 

64 6 0.015 625 

128 7 0.007 812 5 

256 8 0.003 906 25 

512 9 0.001 953 125 

1 024 10 0.000 976 562 5 

2 048 11 0.000 488 28125 

4 096 12 0.000 244 140 625 

8 192 13 0.000 122 070 312 5 

16 384 14 0.000 061 035 156 25 

32 768 15 0.000 030 517 578 125 

65 536 16 0.000 015 258 789 062 5 

131 072 17 0.000 007 629 394 531 25 

262 144 18 0.000 003 814 697 265 625 

524 288 19 0.000 001 907 348 632 812 5 

1 048 576 20 0.000 000 953 674 316 406 25 

2 097 152 21 0.000 000 476 837 158 203 125 

4 194 304 22 0.000 000 238 418 579 101562 5 

8 388 608 23 0.000 000 119 209 289 550 781 25 

16 777 216 24 0.000 000 059 604 644 775 390 625 

33 554 432 25 0.000 000 029 802 322 387 695 312 5 

67 108 864 26 0.000 000 014 901 161 193 847 656 25 

134 217 728 27 0.000 000 007 450 580 596 923 828 125 

268 435 456 28 0.000 000 003 725 290 298 461 914 062 5 

536 870 912 29 0.000 000 001 862 645 149 230 957 031 25 

1 073 741 824 30 0.000 000 000 931 322 574 615 478 515 625 

2 147 483 648 31 0.000 000 000 465 661 287 307 739 257 812 5 

4 294 967 296 32 0.000 000 000 232 830 643 653 869 628 906 25 

8 589 934 592 33 0.000 000 000 116 415 321 826 934 814 453 125 

17 179 869 184 34 0.000 000 000 058 207 660 913 467 407 226 562 5 

34 359 738 368 35 0.000 000 000 029 103 830 456 733 703 613 281 25 

68 719 476 736 36 0.000 000 000 014 551 915 228 366 851 806 640 625 

137 438 953 472 37 0.000 000 000 007 275 957 614 183 425 903 320 312 5 

274 877 906 944 38 0.000 000 000 003 637 978 807 091 712 951 660 156 25 

549 755 813 888 39 0.000 000 000 001 818 989 403 545 856 475 830 078 125 



Octal-Decimal integer Conversion Table 



0000 

to 
0777 

(Octal) 



Octal 
10000 
20000 
30000 
40000 
50000 
60000 
70000 



0000 

to 

0511 

(Decimal) 



Decimal 

4096 

8192 

12288 

•16384 

•20480 

24576 

28672 








1 


2 


3 


4 


5 6 


7 


0000 


0000 


0001 


0002 


000^ 


0004 


0005 0006 


0007 


0010 


0008 


0009 


0010 


0011 


0012 


0013 0014 


0015 


0020 


0016 


0017 


0018 


0019 


0020 


0021 0022 


0023 


0030 


0024 


0025 


0026 


0027 


0028 


0029 0030 


0031 


0040 


0032 


0033 


0034 


0035 


0036 


0037 0038 


0039 


0050 


0040 


0041 


0042 


0043 


0044 


0045 0046 


0047 


0060 


0048 


0049 


0050 


0051 


0052 


0053 0054 


0055 


0070 


0056 


0057 


0058 


0059 


0060 


0061 0062 


0063 


0100 


0064 


0065 


0066 


0067 


0068 


0069 0070 


0071 


0110 


0072 


0073 


0074 


0075 


0076 


0077 0078 


0079 


0120 


0080 


0081 


0082 


0083 


0084 


0085 0086 


0087 


0130 


0088 


0089 


0090 


0091 


0092 


0093 0094 


0095 


0140 


0096 


0097 


0098 


0099 


0100 


0101 0102 


0103 


0150 


0104 


0105 


0106 


0107 


0108 


0109 0110 


0111 


0160 


0112 


0113 


0114 


0115 


0116 


0117 0118 


0119 


0170 


0120 


0121 


0122 


0123 


0124 


0125 0126 


0127 


0200 


0128 


0129 


0130 


0131 


0132 


0133 0134 


0135 


0210 


0136 


0137 


0138 


0139 


0140 


0141 0142 


0143 


0220 


0144 


0145 


0146 


0147 


0148 


0149 0150 


0151 


0230 


0152 


0153 


0154 


0155 


0156 


0157 0158 


0159 


0240 


0160 


0161 


0162 


0163 


0164 


0165 0166 


0167 


0250 


0168 


0169 


0170 


0171 


0172 


0173 0174 


0175 


0260 


0176 


0177 


0178 


0179 


0180 


0181 0182 


0183 


0270 


0184 


0185 


0186 


0187 


0188 


0189 0190 


0191 


0300 


0192 


0193 


0194 


0195 


0196 


0197 0198 


0199 


0310 


0200 


0201 


0202 


0203 


0204 


0205 0206 


0207 


0320 


0208 


0209 


0210 


0211 


0212 


0213 0214 


0215 


0330 


0216 


0217 


0218 


0219 


0220 


0221 0222 


0223 


0340 


0224 


0225 


0226 


0227 


0228 


0229 0230 


0231 


0350 


0232 


0233 


0234 


0235 


0236 


0237 0238 


0239 


0360 


0240 


0241 


0242 


0243 


0244 


0245 0246 


0247 


0370 


0248 


0249 


0250 


0251 


0252 


0253 0254 


0255 





1 


2 


3 


4 


5 


6 7 


0400 


0256 0257 


0258 


0259 


0260 


0261 


0262 0263 


0410 


0264 0265 


0266 


0267 


0268 


0269 


0270 0271 


0420 


0272 0273 


0274 


0275 


0276 


0277 


0278 0279 


0430 


0280 0281 


0282 


0283 


0284 


0285 


0286 0287 


0440 


0288 0289 


0290 


0291 


0292 


0293 


0294 0295 


0450 


0296 0297 


0298 


0299 


0300 


0301 


0302 0303 


0460 


0304 0305 


0306 


0307 


0308 


0309 


0310 0311 


0470 


0312 0313 


0314 


0315 


0316 


0317 


0318 0319 


0500 


0320 0321 


0322 


0323 


0324 


0325 


0326 0327 


0510 


0328 0329 


0330 


0331 


0332 


0333 


0334 0335 


0520 


0336 0337 


0338 


0339 


0340 


0341 


0342 0343 


0530 


0344 0345 


0346 


0347 


0348 


0349 


0350 0351 


0540 


0352 0353 


0354 


0355 


0356 


0357 


0358 0359 


0550 


0360 0361 


0362 


0363 


0364 


0365 


0366 0367 


0560 


0368 0369 


0370 


0371 


0372 


0373 


0374 0375 


0570 


0376 0377 


0378 


0379 


0380 


0381 


0382 0383 


0600 


0384 0385 


0386 


0387 


0388 


0389 


0390 0391 


0610 


0392 0393 


0394 


0395 


0396 


0397 


0398 0399 


0620 


0400 0401 


0402 


0403 


0404 


0405 


0406 0407 


0630 


0408 0409 


0410 


0411 


0412 


0413 


0414 0415 


0640 


0416 0417 


0418 


0419 


0420 


0421 


0422 0423 


0650 


0424 0425 


0426 


0427 


0428 


0429 


0430 0431 


0660 


0432 0433 


0434 


0435 


0436 


0437 


0438 0439 


0670 


0440 0441 


0442 


0443 


0444 


0445 


0446 0447 


0700 


0448 0449 


0450 


0451 


0452 


0453 


0454 0455 


0710 


0456 0457 


0458 


0459 


0460 


0461 


0462 0463 


0720 


0464 0465 


0466 


0467 


0468 


0469 


0470 0471 


0730 


0472 0473 


0474 


0475 


0476 


0477 


0478 0479 


0740 


0480 0481 


0482 


0483 


0484 


0485 


0486 0487 


0750 


0488 0489 


0490 


0491 


0492 


0493 


0494 0495 


0760 


0496 0497 


0498 


0499 


0500 


0501 


0502 0503 


0770 


0504 0505 


0506 


0507 


0508 


0509 


0510 0511 



1000 


0512 


to 


to 


1777 


1023 


(Octal) 


(Decimal) 



1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 

1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 

1200 
1210 
1220 
1230 
1240 
1250 



1 



6 



0512 
0520 
0528 
0536 
0544 
0552 
0560 
0568 

0576 
0584 
0592 
0600 
0608 
0616 
0624 
0632 

0640 
0648 
0656 
0664 
0672 
0680 



1260 


0688 


1270 


0696 


1300 


0704 


1310 


0712 


1320 


0720 


1330 


0728 


1340 


0736 


1350 


0744 


1360 


0752 


1370 


0760 



0513 
0521 
0529 
0537 
0545 
0553 
U561 
0569 

0577 
0585 
0593 
0601 
0609 
0617 
0625 
0633 

0641 
0649 
0657 
0665 
0673 
0681 
0689 
0697 

0705 
0713 
0721 
0729 
0737 
0745 
0753 
0761 



0514 
0522 
0530 
0538 
0546 
0554 
0562 
0570 

0578 
0586 
0594 
0602 
0610 
0618 
0626 
0634 

0642 
0650 
0658 
0666 
0674 
0682 
0690 



0706 
0714 
0722 
0730 
0738 
0746 
0754 
0762 



0515 
0523 
0531 
0539 
0547 
0555 
0563 
0571 

0579 
0587 
0595 
0603 
0611 
0619 
0627 
0635 

0643 
0651 
0659 
0667 
0675 
0683 
0691 
0699 

0707 
0715 
0723 
0731 
0739 
0747 
0755 
0763 



0516 
0524 
0532 
0540 
0548 
0556 
0564 
0572 

0580 
0588 
0596 
0604 
0612 
0620 
0628 
0636 

0644 
0652 
0660 
0668 
0676 
0684 
0692 
0700 

0708 
0716 
0724 
0732 
0740 
0748 
0756 
0764 



0517 
0525 
0533 
0541 
0549 
0557 
0565 
0573 

0581 
0589 
0597 
0605 
0613 
0621 
0629 
0637 

0645 
0653 
0661 
0669 
0677 
0685 
0693 
0701 

0709 
0717 
0725 
0733 
0741 
0749 
0757 
0765 



0518 
0526 
0534 
0542 
0550 
0558 
0566 
0574 

0582 
0590 
0598 
0606 
0614 
0622 
0630 
0638 

0646 
0654 
0662 
0670 
0678 
0686 
0694 
0702 

0710 
0718 
0726 
0734 
0742 
0750 
0758 
0766 



0519 
0527 
0535 
0543 
0551 
0559 
0567 
0575 

0583 
0591 
0599 
0607 
0615 
0623 
0631 
0639 

0647 
0655 
0663 
0671 
0679 
0687 
0695 
0703 

0711 
0719 
0727 
0735 
0743 
0751 
0759 
0767 








1 


2 


3 


4 


5 


6 7 


1400 


0768 


0769 


0770 


0771 


0772 


0773 


0774 0775 


1410 


0776 


0777 


0778 


0779 


0780 


0781 


0782 0783 


1420 


0784 


0785 


0786 


0787 


0788 


0789 


0790 0791 


1430 


0792 


0793 


0794 


0795 


0796 


0797 


0798 0799 


1440 


0800 


0801 


0802 


0803 


0804 


0805 


0806 0807 


1450 


0808 


0809 


0810 


0811 


0812 


0813 


0814 0815 


1460 


0816 


0817 


0818 


0819 


0820 


0821 


0822 0823 


1470 


0824 


0825 


0826 


0827 


0828 


0829 


0830 0831 


1500 


0832 


0833 


0834 


0835 


0836 


0837 


0838 0839 


1510 


0840 


0841 


0842 


0843 


0844 


0845 


0846 0847 


1520 


0848 


0849 


0850 


0851 


0852 


0853 


0854 0855 


1530 


0856 


0857 


0858 


0859 


0860 


0861 


0862 0863 


1540 


0864 


0865 


0866 


0867 


0868 


0869 


0870 0871 


1550 


0872 


0873 


0874 


0875 


0876 


0877 


0878 0879 


1560 


0880 


0881 


0882 


0883 


0884 


0885 


0886 0887 


1570 


0888 


0889 


0890 


0891 


0892 


0893 


0894 0895 


1600 


0896 


0897 


0898 


0899 


0900 


0901 


0902 0903 


1610 


0904 


0905 


0906 


0907 


0908 


0909 


0910 0911 


1620 


0912 


0913 


0914 


0915 


0916 


0917 


0918 0919 


1630 


0920 


0921 


0922 


0923 


0924 


0925 


0926 0927 


1640 


0928 


0929 


0930 


0931 


0932 


0933 


0934 0935 


1650 


0936 


0937 


0938 


0939 


0940 


0941 


0942 0943 


1660 


0944 


0945 


0946 


0947 


0948 


0949 


0950 0951 


1670 


0952 


0953 


0954 


0955 


0956 


0957 


0958 0959 


1700 


0960 


0961 


0962 


0963 


0964 


0965 


0966 0967 


1710 


0968 


0969 


0970 


0971 


0972 


0973 


0974 0975 


1720 


0976 


0977 


0978 


0979 


0980 


0981 


0982 0983 


1730 


0984 


0985 


0986 


0987 


0988 


0989 


0990 0991 


1740 


0992 


0993 


0994 


0995 


0996 


0997 


0998 0999 


1750 


1000 


1001 


1002 


1003 


1004 


1005 


1006 1007 


1760 


1008 


1009 


1010 


1011 


1012 


1013 


1014 1015 


1770 


1016 


1017 


1018 


1019 


1020 


1021 


1022 1023 



Octal-Decimal Integer Conversion Table 








1 


2 


3 


4 


5 


6 


7 


2000 


1024 


1025 


1026 


1027 


1028 


1029 


1030 


1031 


2010 


1032 


1033 


1034 


1035 


1036 


1037 


1038 


1039 


2020 


1040 


1041 


1042 


1043 


1044 


1045 


1046 


1047 


2030 


1048 


1049 


1050 


1051 


1052 


1053 


1054 


1055 


2040 


1056 


1057 


1058 


1059 


1060 


1061 


1062 


1063 


2050 


1064 


1065 


1066 


1067 


1068 


1069 


1070 


1071 


2060 


1072 


1073 


1074 


1075 


1076 


1077 


1078 


1079 


2070 


1080 


1081 


1082 


1083 


1084 


1085 


1086 


1087 


2100 


1088 


1089 


1090 


1091 


1092 


1093 


1094 


1095 


2110 


1096 


1097 


1098 


1099 


1100 


1101 


1102 


1103 


2120 


1104 


1105 


1106 


1107 


1108 


1109 


1110 


nil 


2130 


1112 


1113 


1114 


1115 


1116 


1117 


1118 


1119 


2140 


1120 


1121 


1122 


1123 


1124 


1125 


1126 


1127 


2150 


1128 


1129 


1130 


1131 


1132 


1133 


1134 


1135 


2160 


1136 


1137 


1138 


1139 


1140 


1141 


1142 


1143 


2170 


1144 


1145 


114G 


1147 


1148 


1149 


1150 


1151 


2200 


1152 


1153 


1154 


1155 


1156 


1157 


1158 


1159 


2210 


1160 


1161 


1162 


1163 


1164 


1165 


1166 


1167 


2220 


1168 


1169 


1170 


1171 


1172 


1173 


1174 


1175 


2230 


1176 


1177 


1178 


1179 


1180 


1181 


1182 


1183 


2240 


1184 


1185 


1186 


1187 


1188 


1189 


1190 


1191 


2250 


1192 


1193 


1194 


1195 


1196 


1197 


1198 


1199 


2260 


1200 


1201 


1202 


1203 


1204 


1205 


1206 


1207 


2270 


1208 


1209 


1210 


1211 


1212 


1213 


1214 


1215 


2300 


1216 


U17 


1218 


1219 


1220 


1221 


1222 


1223 


2310 


1224 


1225 


1226 


1227 


1228 


1229 


1230 


1231 


2320 


1232 


1233 


1234 


1235 


1236 


1237 


1238 


1239 


2330 


1240 


1241 


1242 


1243 


1244 


1245 


1246 


1247 


2340 


1248 


1249 


1250 


1251 


1252 


1253 


1254 


1255 


2350 


1256 


1257 


1253 


1259 


1260 


1261 


1262 


1263 


2360 


1264 


1265 


1266 


1267 


1268 


1269 


1270 


1271 


2370 


1272 


1273 


1274 


1275 


1276 


1277 


1278 


1279 








1 


2 


3 4 


5 


6 


7 


2400 


1280 


1281 


1282 


1283 1284 


1285 


1286 


1287 


2410 


1288 


1289 


1290 


1291 1292 


1293 


1294 


1295 


2420 


1296 


1297 


1298 


1299 1300 


1301 


1302 


1303 


2430 


1304 


1305 


1306 


1307 1308 


1309 


1310 


1311 


2440 


1312 


1313 


1314 


1315 1316 


1317 


1318 


1319 


2450 


1320 


1321 


1322 


1323 1324 


1325 


1326 


1327 


2460 


1328 


1329 


1330 


1331 1332 


1333 


1334 


1335 


2470 


1336 


1337 


1338 


1339 1340 


1341 


1342 


1343 


2500 


1344 


1345 


1346 


1347 1348 


1349 


1350 


1351 


2510 


1352 


1353 


1354 


1355 1356 


1357 


1358 


1359 


2520 


1360 


1361 


1362 


1363 1364 


1365 


1366 


1367 


2530 


1368 


1369 


1370 


1371 1372 


1373 


1374 


1375 


2540 


1376 


1377 


1378 


1379 1380 


1381 


1382 


1383 


2550 


1384 


1385 


1386 


1387 1388 


1389 


1390 


1391 


2560 


1392 


1393 


1394 


1395 1396 


1397 


1398 


1399 


2570 


1400 


1401 


1402 


1403 1404 


1405 


1406 


1407 


2600 


1408 


1409 


1410 


1411 1412 


1413 


1414 


1415 


2610 


1416 


1417 


1418 


1419 1420 


1421 


1422 


1423 


2620 


1424 


1425 


1426 


1427 1428 


1429 


1430 


1431 


2630 


1432 


1433 


1434 


1435 1436 


1437 


1438 


1439 


2640 


1440 


1441 


1442 


1443 1444 


1445 


1446 


1447 


2650 


1448 


1449 


1450 


1451 1452 


1453 


1454 


1455 


2660 


1456 


1457 


1458 


1459 1460 


1461 


1462 


1463 


2670 


1464 


1465 


1466 


1467 1468 


1469 


1470 


1471 


2700 


1472 


1473 


1474 


1475 1476 


1477 


1478 


1479 


2710 


1480 


1481 


1482 


1483 1484 


1485 


1486 


1487 


2720 


1488 


1489 


1490 


1491 1492 


1493 


1494 


1495 


2730 


1496 


1497 


1498 


1499 1500 


1501 


1502 


1503 


2740 


1504 


1505 


1506 


1507 1508 


1509 


1510 


1511 


2750 


1512 


1513 


1514 


1515 1516 


1517 


1518 


1519 


2760 


1520 


1521 


1522 


1523 1524 


1525 


1526 


1527 


2770 


1528 


1529 


1530 


1531 1532 


1533 


1534 


1535 



2000 


1024 


to 
2777 

(Octal) 


to 
1535 

(Dccimol) 


Octal 


Decimal 


10000- 

20000- 

30000- 

40000 - 

50000 

60000- 

70000 - 


4096 

8192 

12288 

-16384 

- 20480 

24576 

28672 








1 


2 


3 


4 


5 


6 7 


3000 


1536 


1537 


1538 


1539 


1540 


1541 


1542 1543 


3010 


1544 


1545 


1546 


1547 


1548 


1549 


1550 1551 


3020 


1552 


1553 


1554 


1555 


1556 


1557 


1558 1559 


3030 


1560 


1561 


1562 


1563 


1564 


1565 


1566 1567 


3040 


1568 


1569 


1570 


1571 


1572 


1573 


1574 1575 


3050 


1576 


1577 


1578 


1579 


1580 


1581 


1582 1583 


3060 


1584 


1585 


1586 


1587 


1588 


1589 


1590 1591 


3070 


1592 


1593 


1594 


1595 


1596 


1597 


1598 1599 


3100 


1600 


1601 


1602 


1603 


1604 


1605 


1606 1607 


3110 


1608 


1609 


1610 


1611 


1612 


1613 


1614 1615 


3120 


1616 


1617 


1618 


1619 


1620 


1621 


1622 1623 


3130 


1624 


1625 


1626 


1627 


1628 


1629 


1630 1631 


3140 


1632 


1633 


1634 


1635 


1636 


1637 


1638 1639 


3150 


1640 


1641 


1642 


1643 


1644 


1645 


1646 1647 


3160 


1648 


1649 


1650 


1651 


1652 


1653 


1654 1655 


3170 


1656 


1657 


1658 


1659 


1660 


1661 


1662 1663 


3200 


1664 


1665 


1666 


1667 


1668 


1669 


1670 1671 


3210 


1672 


1673 


1674 


1675 


1676 


1677 


1678 1679 


3220 


1680 


1681 


1682 


1683 


1684 


1685 


1686 1687 


3230 


1688 


1689 


1690 


1691 


1692 


1693 


1694 1695 


3240 


1696 


1697 


1698 


1699 


1700 


1701 


1702 1703 


3250 


1704 


1705 


1706 


1707 


1708 


1709 


1710 1711 


3260 


1712 


1713 


1714 


1715 


1716 


1717 


1718 1719 


3270 


1720 


1721 


1722 


1723 


1724 


1725 


1726 1727 


3300 


1728 


1729 


1730 


1731 


1732 


1733 


1734 1735 


3310 


1736 


1737 


1738 


1739 


174j0 


1741 


1742 1743 


3320 


1744 


1745 


1746 


1747 


1748 


1749 


1750 1751 


3330 


1752 


1753 


1754 


1755 


1756 


1757 


1758 1759 


3340 


1760 


1761 


1762 


1763 


1764 


1765 


1766 1767 


3350 


1768 


1769 


1770 


1771 


1772 


1773 


1774 1775 


3360 1776 


1777 


1778 


1779 


1780 


1781 


1782 1783 


3370 1784 


1785 


1786 


1787 


1788 


1789 


1790 1791 








1 


2 


3 


4 


5 


6 7 1 


3400 


1792 


1793 


1794 


1795 


1796 


1797 


1798 1799 


3410 


1800 


1801 


1802 


1803 


1804 


1805 


1806 1807 


3420 


1808 


1809 


1810 


1811 


1812 


1813 


1814 1815 


3430 


1816 


1817 


1818 


1819 


1820 


1821 


1822 1823 


3440 


1824 


1825 


1826 


1827 


1828 


1829 


1830 1831 


3450 


1832 


1833 


1834 


1835 


1836 


1837 


1838 1839 


3460 


1840 


1841 


1842 


1843 


1844 


1845 


1846 1847 


3470 


1848 


1849 


1850 


1851 


1852 


1853 


1854 1855 


3500 


1856 


1857 


1858 


1859 


1860 


1861 


1862 18«3 


3510 


1864 


1865 


1866 


1867 


1868 


1869 


1870 1871 


3520 


1872 


1873 


1874 


1875 


1876 


1877 


1878 1879 


3530 


1880 


1881 


1882 


1883 


1884 


1885 


1886 1887 


3540 


1888 


1889 


1890 


1891 


1892 


1893 


1894 1895 


3550 


1896 


1897 


1898 


1899 


1900 


1901 


1902 1903 


3560 


1904 


1905 


1906 


1907 


1908 


1909 


1910 1911 


3570 


1912 


1913 


1914 


1915 


1916 


1917 


1918 1919 


3600 


1920 


1921 


1922 


1923 


1924 


1925 


1926 1927 


3610 


1928 


1929 


1930 


1931 


1932 


1933 


1934 1935 


3620 


1936 


1937 


1938 


1939 


1940 


1941 


1942 1943 


3630 


1944 


1945 


1946 


1947 


1948 


1949 


1950 1951 


3640 


1952 


1953 


1954 


1955 


1956 


1957 


1958 1959 


3650 


1960 


1961 


1962 


1963 


1964 


1965 


1966 1967 


3660 


1968 


1969 


1970 


1971 


1972 


1973 


1974 1975 


3670 


1976 


1977 


1978 


1979 


1980 


1981 


1982 1983 


3700 


1984 


1985 


1986 


1987 


1988 


1989 


1990 1991 


3710 


1992 


1993 


1994 


1995 


1996 


1997 


1998 1999 


3720 


2000 


2001 


2002 


2003 


2004 


2005 


2006 2007 


3730 


2008 


2009 


2010 


2011 


2012 


2013 


2014 2015 


3740 


2016 


2017 


2018 


2019 


2020 


2021 


2022 2023 


3750 


2024 


2025 


2026 


2027 


2028 


2029 


2030 2031 


3760 


2032 


2033 


2034 


2035 


2036 


2037 


2038 2039 


3770 


2040 


2041 


2042 


2043 


2044 


2045 


2046 2047 



3000 1536 

to to 

3777 2047 

(Octal) (Decimal) 



Octal-Decimal integer Conversion Table 



4000 


2048 


to 


to 


4777 


2559 


(Octol) 


(Decimal) 


Octal 


Decimal 


10000. 


4096 


20000. 


8192 


30000. 


12288 


4oooa . 


16384 


50000 . 


20480 


60000 . 


24576 


70000 - 


28672 








1 


2 


3 


4 


5 


6 


7 


4000 


2048 


2049 


2050 


2051 


2052 


2053 


2054 


2055 


4010 


2056 


2057 


2058 


2059 


2060 


2061 


2062 


2063 


4020 


2064 


2065 


2066 


2067 


2068 


2069 


2070 


2071 


4030 


2072 


2073 


2074 


2075 


2076 


2077 


2078 


2079 


4040 


2080 


2081 


2082 


2083 


2084 


2085 


2086 


2087 


40h0 


2088 


2089 


2090 


2091 


2092 


2093 


2094 


2095 


4060 


2096 


2097 


2098 


2099 


2100 


2101 


2102 


2103 


4070 


2104 


2105 


2106 


2107 


2108 


2109 


2110 


2111 


4100 


2112 


2113 


2114 


2115 


2116 


2117 


2118 


2119 


4110 


2120 


2121 


2122 


2123 


2124 


2125 


2126 


2127 


4120 


2128 


2129 


2130 


2131 


2132 


2133 


2134 


2135 


4130 


2136 


2137 


2138 


2139 


2140 


2141 


2142 


2143 


4140 


2144 


2145 


2146 


2147 


2148 


2149 


2150 


2151 


4150 


2152 


2153 


2154 


2155 


2156 


2157 


2158 


2159 


4160 


2160 


2161 


2162 


2163 


2164 


2165 


2166 


2167 


4170 


2168 


2169 


2170 


2171 


2172 


2173 


2174 


2175 


4200 


2176 


2177 


2178 


2179 


2180 


2181 


2182 


2183 


4210 2184 


2185 


2186 


2187 


2188 


2189 


21^0 


2191 


4220 


2192 


2193 


2194 


2195 


2196 


2197 


2198 


2199 


4230 


2200 


2201 


2202 


2203 


2204 


2205 


2206 


2207 


4240 


2208 


2209 


2210 


2211 


2212 


2213 


2214 


2215 


4250 


2216 


2217 


2218 


2219 


2220 


2221 


2222 


2223 


4260 


2224 


2225 


2226 


2227 


2228 


2229 


2230 


2231 


4270 


2232 


2233 


2234 


2235 


2236 


2237 


2238 


2239 


4300 


2240 


2241 


2242 


2243 


2244 


2245 


2246 


2247 


4310 


2248 


2249 


2250 


2251 


2252 


2253 


2254 


22S5 


4320 


2256 


2257 


2258 


2259 


2260 


2261 


2262 


2263 


4330 


2264 


2265 


2266 


2267 


2268 


2269 


2270 


2271 


4340 


2272 


2273 


2274 


2275 


2276 


2277 


2278 


2279 


4350 


2280 


2281 


2282 


2283 


2284 


2285 


2286 


2287 


4360 


2288 


2289 


2290 


2291 


2292 


2293 


2294 


2295 


4370 


2296 


2297 


2298 


2299 


2300 


2301 


2302 


2303 





1 





3 


4 


5 


6 7 


4400 


2304 2305 


2306 


2307 


2308 


2309 


2310 2311 


4410 


2312 2313 


2314 


2315 


2316 


2317 


2318 2319 


4420 


2320 2321 


2322 


2323 


2324 


2325 


2326 2327 


4430 


2328 2329 


2330 


2331 


2332 


2333 


2334 2335 


4440 


2336 2337 


2338 


2339 


2340 


2341 


2342 2343 


4450 


2344 2343 


2346 


2347 


2348 


2349 


2350 2351 


4460 


2352 2353 


2354 


2355 


2356 


2357 


2358 2359 


4470 


2360 2361 


2362 


2363 


2364 


2365 


2366 2367 


4500 


2368 2369 


2370 


2371 


2372 


2373 


2374 2375 


4510 


2376 2377 


2378 


2379 


2380 


2381 


2382 2383 


4520 


2384 2385 


2386 


2387 


2388 


2389 


2390 2391 


4530 


2392 2393 


2394 


2395 


2396 


2397 


2398 2399 


4540 


2400 2401 


2402 


2403 


2404 


2405 


2406 2407 


4550 


2408 2409 


2410 


2411 


2412 


2413 


2414 2415 


4560 


2416 2417 


2418 


2419 


2420 


2421 


2422 2423 


4570 


2424 2425 


2426 


2427 


2428 


2429 


2430 2431 


4600 


2432 2433 


2434 


2435 


2436 


2437 


2438 2439 


4610 


2440 2441 


2442 


2443 


2444 


2445 


2446 2447 


4620 


2448 2449 


2450 


2451 


2452 


2453 


2454 2455 


4630 


2456 2457 


2458 


2459 


2460 


2461 


2462 24^3 


4640 


2464 2465 


2466 


2467 


2468 


2469 


2470 2471 


4650 


2472 2473 


2474 


2475 


2476 


2477 


2478 2479 


4660 


2480 2481 


2482 


2483 


2484 


2485 


2486 2487 


4670 


2488 2489 


2490 


2491 


2492 


2493 


2494 2495 


4700 


2496 2497 


2498 


2499 


2500 


2501 


2502 2503 


4710 


2504 2505 


2506 


2507 


2508 


2509 


2510 2511 


4720 


2512 2513 


2514 


2515 


2516 


2517 


2518 2519 


4730 


2520 2521 


2522 


2523 


2524 


2525 


2526 2527 


4740 


2528 2529 


2530 


2531 


2532 


2533 


2534 2535 


4750 


2536 2537 


2538 


2539 


2540 


2541 


2542 2543 


4760 


2544 2545 


2546 


2547 


2548 


2549 


2550 2551 


4770 


2552 2553 


2554 


2555 


2556 


2557 


2558 2559 



5000 


2560 


lo 


to 


5777 


3071 


(Octol) 


(Decimoi) 








1 


2 


3 


4 


5 


6 


7 


5000 


2560 


2561 


2562 


2563 


2564 


2565 


2566 


2567 


5010 


2568 


2569 


2570 


2571 


2572 


2573 


2574 


2575 


5020 


2576 


2577 


2578 


2579 


2580 


2581 


2582 


2583 


5030 


2584 


2585 


2586 


2587 


2588 


2589 


2590 


2591 


5040 


2592 


2593 


2594 


2595 


2596 


2597 


2598 


2599 


5050 


2600 


2601 


2602 


2603 


2604 


2605 


2606 


2607 


5060 


2608 


2609 


2610 


2611 


2612 


2613 


2614 


2615 


5070 


2616 


2617 


2618 


2619 


2620 


2621 


2622 


2623 


5100 


2624 


2625 


2626 


2627 


2628 


2629 


2630 


2631 


5110 


2632 


2633 


2634 


2635 


2636 


2637 


2638 


2639 


5120 


2640 


2641 


2642 


2643 


2644 


2645 


2646 


2647 


5130 


2648 


2649 


2650 


2651 


2652 


2653 


2654 


2655 


5140 


2656 


2657 


2658 


2659 


2660 


2661 


2662 


2663 


5150 


2664 


2665 


2666 


2667 


2668 


2669 


2670 


2671 


5160 


2672 


2673 


2674 


2675 


2676 


2677 


2678 


2679 


5170 


2680 


2681 


2682 


2683 


2684 


2685 


2686 


2687 


5200 


2688 


2689 


2690 


2691 


2692 


2693 


2694 


2695 


5210 


2696 


2697 


2698 


2699 


2700 


2701 


2702 


2703 


5220 


2704 


2705 


2706 


2707 


2708 


2709 


2710 


2711 


5230 


2712 


2713 


2714 


2715 


2716 


2717 


2718 


2719 


5240 


2720 


2721 


2722 


2723 


2724 


2725 


2726 


2727 


5250 


2728 


2729 


2730 


2731 


2732 


2733 


2734 


2735 


5260 


2736 


2737 


2738 


2739 


2740 


2741 


2742 


2743 


5270 


2744 


2745 


2746 


2747 


2748 


2749 


2750 


2751 


5300 


2752 


2753 


2754 


2755 


2756 


2757 


2758 


2759 


5310 


2760 


2761 


2762 


2763 


2764 


2765 


2766 


2767 


5320 


2768 


2769 


2770 


2771 


2772 


2773 


2774 


2775 


5330 


2776 


2777 


2778 


2779 


2780 


2781 


2782 


2783 


5340 


2784 


2785 


2786 


2787 


2788 


2789 


2790 


2791 


5350 


2792 


2793 


2794 


2795 


2796 


2797 


2798 


2799 


5360 


2800 


2801 


2802 


2803 


2804 


2805 


2806 


2807 


5370 


2808 


2809 


2810 


2811 


2812 


2813 


2814 


2815 








I 


2 


3 


4 


5 


6 7 


5400 


2816 


2817 


2818 


2819 


2820 


2821 


2822 2823 


5410 


2824 


2825 


2826 


2827 


2828 


2829 


2830 2831 


5420 


2832 


2833 


2834 


2835 


2836 


2837 


2838 2839 


5430 


2840 


2841 


2842 


2843 


2844 


2845 


2846 2847 


5440 


2848 


2849 


2850 


2851 


2852 


2853 


2854 2855 


5450 


2856 


2857 


2858 


2859 


2860 


2861 


2862 2869 


5460 


2864 


2865 


2866 


2867 


2868 


2869 


2870 2871 


5470 


2872 


2873 


2874 


2875 


2876 


2877 


2878 2879 


5500 


2880 


2881 


2882 


2883 


2884 


2885 


2886 2887 


5510 


2888 


2889 


2890 


2891 


2892 


2893 


2894 2895 


5520 


2896 


2897 


2898 


2899 


2900 


2901 


2902 2903 


5530 


2904 


2905 


2906 


2907 


2908 


2909 


2910 2911 


5540 


2912 


2913 


2914 


2915 


2916 


2917 


291B 2919 


5550 


2920 


2921 


2922 


2923 


2924 


2925 


2926 2927 


5560 


2928 


2929 


2930 


2931 


2932 


2933 


2934 2935 


5570 


2936 


2937 


2938 


2939 


2940 


2941 


2942 2943 


5600 


2944 


2945 


2946 


2947 


2948 


2949 


2950 2951 


5610 


2952 


2953 


2954 


2955 


2956 


2957 


2958 2959 


5620 


2960 


2961 


2962 


2963 


2964 


2965 


2966 2967 


5630 


2968 


2969 


2970 


2971 


2972 


2973 


2974 2975 


5640 


2976 


2977 


2978 


2979 


2980 


2981 


2982 2983 


5650 


2984 


2985 


2986 


2987 


2988 


2989 


2990 2991 


5660 


2992 


2993 


2994 


2995 


2996 


2997 


2998 2999 


5670 


3000 


3001 


3002 


3003 


3004 


3005 


3006 3007 


5700 


3008 


3009 


3010 


3011 


3012 


3013 


3014 3015 


5710 


3016 


3017 


3018 


3019 


3020 


3021 


3022 3023 


5720 


3024 


3025 


3026 


3027 


3028 


3029 


3030 3031 


5730 


3032 


3033 


3034 


3035 


3036 


3037 


3038 3039 


5740 


3040 


3041 


3042 


3043 


3044 


3045 


3046 3047 


5750 


3048 


3049 


3050 


3051 


3052 


3053 


3054 3055 


5760 


3056 


3057 


3058 


3059 


3060 


3061 


3062 3063 


5770 


3064 


3065 


3066 


3067 


3068 


3069 


3070 3071 



Octal-Decimal Integer Conversion Table 








1 


2 


3 


4 


5 


6 


7 


6000 


3072 


3073 


3074 


3075 


3076 


3077 


3078 


3079 


6010 


3060 


3081 


3082 


3083 


3084 


3085 


3086 


3087 


6020 


3088 


3089 


3090 


3091 


3092 


3093 


3094 


3095 


6030 


3096 


3097 


3098 


3099 


3100 


3101 


3102 


3103 


6040 


3104 


3105 


3106 


3107 


3108 


3109 


3110 


3111 


6050 


3112 


3113 


3114 


3115 


3116 


3117 


3118 


3119 


6060 


3120 


3121 


3122 


3123 


3124 


3125 


3126 


3127 


6070 


3128 


3129 


3130 


3131 


3132 


3133 


3134 


3135 


6100 


3136 


3137 


3138 


3139 


3140 


3141 


3142 


3143 


6110 


3144 


3145 


3146 


3147 


3148 


3149 


3150 


3151 


6120 


3152 


3153 


3154 


3155 


3156 


3157 


3158 


3159 


6130 


3160 


3161 


3162 


3163 


3164 


3165 


3166 


3167 


6140 


3168 


3169 


3170 


3171 


3172 


3173 


3174 


3175 


6150 


3176 


3177 


3178 


3179 


3180 


3181 


3182 


3183 


6160 


3184 


3185 


3166 


3187 


3188 


3189 


3190 


3191 


6170 


3192 


3193 


3194 


3195 


3196 


3197 


3198 


3199 


6200 


3200 


3201 


3202 


3203 


3204 


3205 


3206 


3207 


r6210 


3208 


3209 


3210 


3211 


3212 


3213 


3214 


3215 


6220 


3216 


3£17 


3218 


3219 


3220 


3221 


3222 


3223 


6230 


3224 


3225 


3226 


3227 


3228 


3229 


3230 


3231 


6240 


3232 


3233 


3234 


3235 


3236 


3237 


3238 


3239 


6250 


3240 


3241 


3242 


3243 


3244 


3245 


3246 


3247 


6260 


3248 


3249 


3250 


3251 


3252 


3253 


3254 


3255 


6270 


3256 


3257 


3258 


3259 


3260 


3261 


3262 


3263 


6300 


3264 


3265 


3266 


3267 


3268 


3269 


3270 


3271 


6310 


3272 


3273 


3274 


3275 


3276 


3277 


3278 


3279 


6320 


3280 


3281 


3282 


3283 


3284 


3285 


3286 


3287 


6330 


3288 


3289 


3290 


3291 


3292 


3293 


3294 


3295 


6340 


3296 


3297 


3298 


3299 


3300 


3301 


3302 


3303 


6350 


3304 


3305 


3306 


3307 


3308 


3309 


3310 


3311 


6360 


3312 


3313 


3314 


3315 


3316 


3317 


3318 


3319 


6370 


3320 


3321 


3322 


3323 


3324 


3325 


3326 


3327 








1 


2 


3 


4 


5 


6 


7 


6400 


3328 


3329 


3330 


3331 


3332 


3333 


3334 


3335 


6410 


3336 


3337 


3338 


3339 


3340 


3341 


3342 


3343 


6420 


3344 


3345 


3346 


3347 


3348 


3349 


3350 


3351 


6430 


3352 


3353 


3354 


3355 


3356 


3357 


3358 


3359 


6440 


3360 


3361 


3362 


3363 


3364 


3365 


3366 


3367 


6450 


3368 


3369 


3370 


3371 


3372 


3373 


3374 


3375 


6460 


3376 


3377 


3378 


3379 


3380 


3381 


3382 


3383 


6470 


3384 


3385 


3386 


3387 


3388 


3389 


3390 


3391 


6500 


3392 


3393 


3394 


3395 


3396 


3397 


3398 


3399 


6510 


3400 


3401 


3402 


3403 


3404 


3405 


3406 


3407 


6520 


3408 


3409 


3410 


3411 


3412 


3413 


3414 


3415 


6530 


3416 


3417 


3418 


3419 


3420 


3421 


3422 


3423 


6540 


3424 


3425 


3426 


3427 


3428 


3429 


3430 


3431 


6550 


3432 


3433 


3434 


3435 


3436 


3437 


3438 


3439 


6560 


3440 


3441 


3442 


3443 


3444 


3445 


3446 


3447 


6570 


3448 


3449 


3450 


3451 


3452 


3453 


3454 


3455 


6600 


3456 


3457 


3458 


3459 


3460 


3461 


3462 


3463 


6610 


3464 


3465 


3466 


3467 


3468 


3469 


3470 


3471 


6620 


3472 


3473 


3474 


3475 


3476 


3477 


3478 


3479 


6630 


3480 


3481 


3482 


3483 


3484 


3485 


3486 


3487 


6640 


3488 


3489 


3490 


3491 


3492 


3493 


3494 


3495 


6650 


3496 


3497 


3498 


3499 


3500 


3501 


3502 


3503 


6660 


3504 


3505 


3506 


3507 


3508 


3509 


3510 


3511 


6670 


3512 


3513 


3514 


3515 


3516 


3517 


3518 


3519 


6700 


3520 


3521 


3522 


3523 


3524 


3525 


3526 


3527 


6710 


3528 


3529 


3530 


3531 


3532 


3533 


3534 


3535 


6720 


3536 


3537 


3538 


3539 


3540 


3541 


3542 


3543 


6730 


3544 


3545 


3546 


3547 


3548 


3549 


3550 


3551 


6740 


3552 


3553 


3554 


3555 


3556 


3557 


3558 


3559 


6750 


3560 


3561 


3562 


3563 


3564 


3565 


3566 


3567 


6760 


3568 


3569 


3570 


3571 


3572 


3573 


3574 


3575 


6770 


3576 


3577 


3578 


3579 


3580 


3581 


3582 


3583 



6000 


3072 


♦o 


to 


6777 


3383 


(Oc»al) 


(Oecimail 


Octal 


Decimal 


10000 


■ 4096 


20000 


. 8192 


30000 • 


• 12288 


40000 


. 16384 


50000 


. 20480 


60000 


. 24576 


70000 


- 28672 








1 


2 


3 


4 


5 


6 7 


'nwQ 


3584 


3585 


3586 


3587 


3588 


3589 


3590 3591 


'mio 


3592 


3593 


3594 


35S5 


3596 


3597 


3598 3599 


imo 


3800 


3801 


3602 


3603 


3604 


3605 


3606 3607 


WW 


360B 


mm 


3610 


3611 


3612 


3613 


3614 3615 


7040 


3616 


Mil 


3618 


3619 


3620 


3621 


3622 3623 


7050 


3624 


36S5> 


3626 


3627 


3628 


3629 


3630 3631 


706G 


3632 


3633 


3634 


3635 


3636 


3637 


3638 3639 


7070 


3340 


S64i 


3642 


3643 


3644 


3645 


3646 3647 


7100 


3648 


3649 


3650 


3651 


3652 


3653 


3654 3655 


7110 


3656 


3657 


3658 


3659 


3660 


3661 


3662 3663 


7120 


3664 


3665 


3666 


3667 


3668 


3669 


3670 3671 


7130 


3672 


3673 


3674 


3675 


3676 


3677 


3678 3679 


7140 


3680 


3681 


3682 


3683 


3684 


3685 


3686 3687 


7150 


3688 


3669 


3690 


3691 


3692 


3693 


3694 3695 


7160 


3696 


3697 


3698 


3699 


3700 


3701 


3702 3703 


7170 


3704 


3705 


3706 


3707 


3708 


3709 


3710 3711 


7200 


3712 


3713 


3714 


3715 


3716 


3717 


3718 3719 


7210 


3720 


3721 


3722 


3723 


3724 


3725 


3726 3727 


7220 


3728 


3729 


3730 


3731 


3732 


3733 


3734 3735 


7230 


3736 


3737 


3738 


3739 


3740 


3741 


3742 3743 


7240 


3744 


3745 


3746 


3747 


3748 


3749 


3750 3751 


7250 


3752 


3753 


3754 


3755 


3756 


3757 


3758 3759 


7260 


3760 


3761 


3762 


3763 


3764 


3765 


3766 3767 


7270 


3768 


3769 


3770 


3771 


3772 


3773 


3774 3775 


7300 


3776 


3777 


3778 


3779 


3780 


3781 


3782 3783 


7310 


3784 


3785 


3786 


3787 


3788 


3789 


3790 3791 


7320 


3792 


3793 


3794 


3795 


3796 


3797 


3798 3799 


7330 


3800 


3801 


3802 


3803 


3804 


3805 


3806 3807 


7340 


3808 


3809 


3810 


3811 


3812 


3813 


3814 3815 


7353 


3816 


3817 


3818 


3819 


3820 


3821 


3322 3823 


7360 


3824 


3825 


3826 


3827 


3823 


3829 


3830 3831 


7370 


3832 


3833 


3834 


3835 


3836 


3837 


3338 3839 








1 


2 


3 


4 


5 


6 7 


7400 


3840 


3841 


3842 


3843 


3844 


3845 


3846 3847 


7410 


3848 


3349 


3850 


3851 


3852 


3853 


335*i 3855 


7420 


3856 


3857 


3858 


3859 


3860 


3861 


3862 3863 


7430 


3864 


3865 


3866 


3867 


3863 


3869 


3870 3871 


7440 


3872 


3873 


3874 


3875 


3876 


3877 


3878 3879 


7450 


3880 


3881 


3882 


3883 


3884 


3885 


3886 3887 


7460 


3888 


3889 


3890 


3891 


3892 


3893 


3894 3895 


7470 


3896 


3897 


3898 


3899 


3900 


3901 


3902 3903 


7500 


3904 


3905 


3906 


3907 


3908 


3909 


3910 3911 


7510 


3912 


3913 


3914 


3915 


3916 


3917 


3918 3919 


7520 


3920 


3921 


3922 


3923 


3924 


3925 


3926 3927 


7530 


3928 


3929 


3930 


3931 


3932 


3933 


3934 3935 


7540 


3936 


3937 


3938 


3939 


3940 


3941 


3942 3943 


7550 


3944 


3945 


3946 


3947 


3948 


3949 


3950 3951 


7560 


3952 


3953 


3954 


3955 


3956 


3957 


3958 3959 


7570 


3960 


3961 


3962 


3963 


3964 


3965 


3966 3967 


7600 


3968 


3969 


3970 


3971 


3972 


3973 


3974 3975 


7610 


3976 


3977 


3978 


3979 


3980 


398 r 


3982 3983 


7620 


3984 


3985 


3986 


3987 


3988 


3989 


3990 3991 


7630 


3992 


3993 


3994 


3995 


3996 


3997 


3998 3999 


7640 


4000 


4001 


4002 


4003 


4004 


4005 


4006 4007 


7650 


4008 


4009 


4010 


4011 


4012 


4013 


4014 4015 


7660 


4016 


4017 


4018 


4019 


4020 


4021 


4022 4023 


7670 


4024 


4025 


4026 


4027 


4028 


4029 


4030 4031 


7700 


4032 


4033 


4034 


4035 


4036 


4037 


4038 4039 


7710 


4040 


4041 


4042 


4043 


4044 


4045 


4046 4047 


7720 


4048 


4049 


4050 


4051 


4052 


4053 


4054 4055 


7730 


4056 


4057 


4058 


4059 


4060 


4061 


4062 4063 


7740 


4064 


4065 


4066 


4067 


4068 


4069 


4070 4071 


7750 


4072 


4073 


4074 


4075 


4076 


4077 


4078 4079 


7760 


4080 


4081 


4082 


4083 


4084 


4085 


4086 4087 


7770 


4088 


4089 


4090 


4091 


4092 


4093 


4094 4095 



7000 


3584 


to 


to 


7777 


4095 


(Octal) 


(Oecimol) 



Octal-Decimal Fraction Conversion Table 



OCTAL 


DEC. 


OCTAL 


DEC. 


OCTAL 


DEC, 


OCTAL 


DEC, 


.000 


.000000 


.100 


125000 


.200 


. 250000 


.300 


. 375000 


.001 


.001953 


.101 


126953 


.201 


.251953 


.301 


. 37C953 


.002 


.003906 


.102 


128906 


.202 


. 253906 


.302 


.378900 


.003 


. 065859 


.103 


130859 


.203 


. 255859 


.303 


. 380859 


.004 


.007812 


.104 


132812 


.204 


.257812 


.304 


.382812 


.005 


. 009765 


.105 


134765 


.205 


. 250765 


.305 


. 384765 


.006 


.011718 


.106 


136718 


.206 


.261718 


.306 


.386718 


.007 


.013671 


.107 


138671 


.207 


.263671 


.307 


.388671 


.010 


.015625 


.110 


140625 


.210 


. 265625 


.310 


.390625 


.011 


.017578 


.111 


142578 


.211 


. 267578 


.311 


.392578 


.012 


.019531 


.112 


144531 


.212 


.269531 


.312 


.394531 


.013 


. 021484 


.113 


146484 


.213 


.271484 


.313 


.396484 


.014 


.023437 


.114 


148437 


.214 


. 273437 


.314 


.398437 


.015 


.025390 


.115 


150390 


.215 


. 275390 


.315 


. 400390 


.016 


.027343 


.116 


152343 


.216 


. 277343 


.316 


.402343 


.017 


.029296 


.117 


154296 


.217 


. 279296 


.317 


.404296 


.020 


.031250 


.120 


156250 


.220 


.281250 


.320 


.406250 


.021 


.033203 


.121 


158203 


.221 


. 283203 


.321 


.408203 


.022 


.035156 


.122 


160156 


.222 


. 285156 


.322 


.410156 


.023 


.037109 


.123 


162109 


.223 


.287109 


.323 


.412109 


.024 


.039062 


.124 


164062 


.224 


. 289062 


.324 


.414062 


.025 


.041015 


.125 


166015 


.225 


.291015 


.325 


.416015 


.026 


.042968 


.126 


167968 


.226 


. 292968 


.326 


.417968 


.027 


.044921 


.127 


169921 


.227 


.294921 


.327 


.419921 


.030 


.046875 


.130 


171875 


.230 


. 296875 


.330 


.421875 


.031 


.048828 


.131 


173828 


.231 


. 298828 


.331 


.423828 


.032 


.050781 


.132 


175781 


.232 


.300781 


.332 


. 425781 


.033 


.032734 


.133 


117734 


.233 


. 302734 


.333 


. 427734 


.034 


.064687 


.134 


179687 


.234 


. 304687 


.334 


.429687 


.035 


.056640 


.135 


181640 


.235 


. 306640 


.335 


.431640 


,036 


.058593 


.136 


183593 


.236 


. 308593 


.336 


.433593 


.037 


.060546 


.137 


185546 


.237 


.310546 


.337 


.435546 


.040 


.062500 


.140 


187500 


.240 


.312500 


.340 


.437500 


.041 


.064453 


.141 


189453 


.241 


.314453 


.341 


.439453 


.042 


.066406 


.142 


191406 


.242 


.316406 


.342 


.441406 


.043 


. 068359 


.143 


193359 


.243 


.318359 


.343 


.443359 


.044 


.070312 


.144 


195312 


.244 


.320312 


.344 


.445312 


.045 


.072265 


.145 


197265 


.245 


. 322265 


.345 


.447265 


.046 


.074218 


.146 


199218 


.246 


.324218 


.346 


.449218 


.047 


.076171 


.147 


201171 


.247 


.326171 


.347 


.451171 


.050 


.078125 


.150 


203125 


.250 


.328125 


.350 


.453125 


.051 


.080078 


.151 


205078 


.251 


.330078 


.351 


.455078 


.062 


.082031 


.152 


207031 


.252 


.332031 


.352 


.457031 


.053 


.083984 


.153 


208984 


.253 


. 333984 


.353 


.458984 


.054 


.085937 


.154 


210937 


.254 


. 335937 


.354 


. 460937 


.055 


.087890 


.155 


212890 


.255 


.337890 


.355 


.462890 


.056 


.089843 


.156 


214843 


.256 


. 339843 


.356 


.464843 


.057 


. 091796 


.157 


216796 


.257 


.341796 


.357 


.466796 


.060 


.093750 


.160 


218750 


.260 


.343750 


.360 


.468750 


.061 


.095703 


.161 


220703 


.261 


. 345703 


.361 


.470703 


.062 


. 097656 


.162 


222656 


.262 


. 347656 


.362 


.472656 


.063 


. 099609 


.163 


224609 


.263 


. 349609 


.363 


.474609 


.064 


. 101562 


.164 


226562 


.264 


.351562 


.364 


.476562 


.065 


. 103515 


.165 


228515 


.265 


.353515 


.365 


.478515 


.066 


. 105468 


.166 


230468 


.266 


. 355468 


.366 


.4«0468 


.067 


. 107421 


.167 


232421 


.267 


.357421 


.367 


.482421 


.070 


. 109375 


.170 


234375 


.270 


. 359375 


.370 


.484375 


.071 


. 111328 


.171 


236328 


.271 


.361328 


,371 


.486328 


.072 


. 113281 


.172 


238281 


.272 


.303281 


.372 


.4882B1 


.073 


.115234 


.173 


. 240234 


.273 


.365234 


.373 


,490234 


.074 


.117187 


.174 


242187 


.274 


.367187 


.374 


.492187 


.075 


.119140 


.175 


.244140 


.275 


.369140 


.375 


.494140 


.076 


. 121093 


.176 


,246093 


.276 


.371093 


.376 


.496093 


.077 


. 123046 


.177 


. 248046 


.277 


.373046 


.377 


. 498046 



Octal-Decimal Fraction Conversion Table 



OCTAL 


DEC. 


OCTAL 


DEC. 


OCTAL 


DEC. 


OCTAL 


DEC, 


.000000 


.000000 


000100 


.000244 


.000200 


. 000488 


.000300 


.000732 


.000001 


.000003 


000101 


.000247 


.000201 


.000492 


.000301 


.000736 


.000002 


.000007 


000102 


.000251 


.000202 


.000495 


.000302 


.000740 


.000003 


.000011 


.000103 


.000255 


.000203 


. 000499 


.000303 


.000743 


.000004 


.000015 


000104 


.000259 


.000204 


. 000503 


.000304 


.000747 


.000005 


.000019 


000105 


.000263 


.000205 


. 000507 


.000305 


.000751 


.000006 


.000022 


000106 


.000267 


.000206 


.000511 


.000306 


.000755 


.000007 


. 000026 


000107 


.000270 


.000207 


.000514 


.000307 


.000759 


.000010 


. 000030 


000110 


.000274 


.000210 


.000518 


.000310 


.000762 


.000011 


.000034 


000111 


.000278 


.000211 


.000522 


.000311 


.000766 


.000012 


.000038 


000112 


.000282 


.000212 


. 000526 


.000312 


.000770 


.000013 


.000041 


,000113 


.000286 


.000213 


.000530 


.000313 


.000774 


.000014 


.000045 


000114 


.000289 


.000214 


.000534 


.0003H 


.000778 


.000015 


.000049 


000115 


.000293 


.000215 


.000537 


.000315 


.000782 


.000016 


.000053 


000116 


.000297 


.000216 


.000541 


.000316 


.000785 


.000017 


. 000057 


000117 


.000301 


.000217 


.000545 


.000317 


.000789 


.000020 


.000061 


000120 


.000305 


.000220 


.000549 


.000320 


.000793 


.000021 


.000064 


000121 


.000308 


.000221 


.000553 


.000321 


.000797 


.000022 


.000068 


000122 


.000312 


.000222 


.000556 


.000322 


.000801 


.000023 


.000072 


000123 


.000316 


.000223 


. 000560 


.000323 


. 000805 


.000024 


.000076 


000124 


.000320 


.000224 


.000564 


.000324 


.000808 


.000025 


. 000080 


000125 


.000324 


.000225 


.000568 


.000325 


.000812 


.000026 


. 000083 


000126 


.000328 


.000226 


.000572 


.000326 


.000816 


.000027 


.000087 


000127 


.000331 


.000227 


. 000576 


.000327 


.000820 


.000030 


.000091 


000130 


.00033S 


.000230 


. 000579 


.000330 


.000823 


.000031 


.000095 


000131 


.000339 


.000231 


.000583 


.000331 


.000827 


.000032 


.000099 


000132 


.000343 


.000232 


. 000587 


.000332 


.000831 


.000033 


. 000102 


000133 


.000347 


.000233 


. 000591 


.000333 


.000835 


.000034 


.000106 


000134 


.000350 


.000234 


.000595 


.000334 


.000839 


.000035 


.000119 


000135 


.000354 


.000235 


.000598 


.000335 


.000843 


.000036 


.000114 


000136 


.000358 


.000236 


.000602 


.000336 


.000846 


.000037 


.000118 


000137 


.000362 


.000237 


.000606 


.000337 


.000850 


.000040 


.000122 


000140 


.000366 


.000240 


. 000610 


.000340 


.000854 


.000041 


.000125 


000141 


.000370 


.000241 


.000614 


.000341 


. 000858 


.000042 


.000129 


000142 


.000373 


.000242 


.000617 


.000342 


.000862 


.000043 


.000133 


000143 


.000377 


.000243 


.000621 


.000343 


.000865 


. 000044 


.000137 


000144 


.000381 


.000244 


.000625 


.000344 


.000869 


.000045 


.000141 


000145 


.000385 


.000245 


. 000629 


. 000345 


.000873 


.000046 


.000144 


000146 


.000389 


.000246 


.000633 


.000346 


.000877 


.000047 


.000148 


000147 


.000392 


.000247 


. 000637 


.000347 


.000881 


.000050 


.000152 


000150 


.000396 


.000250 


.000640 


.000350 


.000885 


.000051 


.000156 


000151 


.000400 


.000251 


.000644 


.000351 


.000888 


.000052 


.000160 


000152 


.000404 


.000252 


.000648 


.000352 


.000892 


.000053 


.000164 


000153 


.000408 


.000253 


. 000652 


.000353 


.000896 


.000054 


. 000167 


000154 


.000411 


.000254 


. 000656 


.000354 


. 000900 


.000055 


. 000171 


O0O155 


.000415 


.000255 


.000659 


.000355 


.000904 


.000056 


.000175 


000156 


.000419 


.000256 


.000663 


.000356 


.000907 


.000057 


.000179 


000157 


.000423 


.000257 


. 000667 


.000357 


.000911 


.000060 


.000183 


000160 


.000427 


.000260 


,000671 


.000360 


.000915 


.000061 


. 000186 


000161 


.000431 


.000261 


. 000675 


.000361 


.000919 


. 000062 


. 000190 


000162 


.000434 


.000262 


.000679 


.000362 


.000923 


.000063 


. 000194 


000163 


.000438 


.000263 


. 000682 


.000363 


.000926 


.000064 


.000198 


000164 


.000442 


.000264 


.000686 


. 000364 


.000930 


.000065 


.000202 


000165 


.000446 


.000265 


.000690 


.000365 


.000934 


.000066 


.000205 


0OO166 


. 000450 


.000266 


.000694 


.000366 


.000938 


.000067 


. 000209 


000167 


.000453 


. 000267 


.000698 


.000367 


.000942 


.000070 


. 000213 


000170 


.000457 


.000270 


.000701 


.000370 


.000946 


.000071 


.000217 


000171 


.000461 


.000271 


.000705 


.000371 


.000949 


.000072 


. 000221 


000172 


.000465 


.000272 


.000709 


.000372 


.000953 


. 000073 


. 000225 


000173 


.000469 


.000273 


.000713 


.000373 


.000957 


.000074 


.000228 


000174 


.000473 


.000274 


. 000717 


.000374 


.000961 


. 000075 


.000232 


000175 


. 000476 


.000275 


.000720 


.000375 


.000965 


. 000076 


. 000236 


000176 


. 000480 


. 000276 


. 000724 


.000376 


.000968 


.000077 


. 000240 


000177 


. 000484 


.000277 


. 000728 


.000377 


.000972 



Octal-Decimal Fraction Conversion Table 



OCTAL 


DEC. 


OCTAL 


DEC. 


OCTAL 


DEC. 


OCTAL 


DEC. 


.000400 


.000976 


.000500 


.001220 


. 000600 


.001464 


.000700 


.001708 


.000401 


.000980 


. 000501 


.001224 


.000601 


.001468 


. 000701 


.001712 


.000402 


.000984 


. 000502 


.001226 


. 000602 


.001472 


.000702 


.001716 


.000403 


.000988 


. 000503 


.001232 


. 000603 


. 001476 


. 000703 


.001720 


.000404 


.000991 


.000504 


.001235 


.000604 


.001480 


.000704 


.001724 


.000405 


.000995 


.000505 


. 001239 


. 000605 


.001483 


. 000705 


.001728 


.000406 


.000999 


.000506 


. 001243 


.000606 


.001487 


.000706 


.001731 


.000407 


.001003 


.000507 


.001247 


.000607 


.001491 


.000707 


.001735 


.000410 


.001007 


.000510 


.001251 


.000610 


.001495 


.000710 


.001739 


.000411 


.001010 


.000511 


.001255 


.000611 


.001499 


.000711 


.001743 


.000412 


.001014 


.000512 


.001258 


.000612 


.001502 


.000712 


. 001747 


.000413 


.001018 


.000513 


.001262 


. 000613 


.001506 


.000713 


.001750 


.000414 


.001022 


.000514 


.001266 


.000614 


.001510 


. 000714 


.001754 


.000415 


.001026 


.000515 


.001270 


. 000615 


.001514 


.000715 


.001758 


.000416 


.001029 


.000516 


.001274 


.000616 


.001518 


.000716 


.001762 


.000417 


.001033 


.000517 


.001277 


. 000617 


.001522 


.000717 


. 001766 


.000420 


.001037 


.000520 


.001281 


. 000620 


.001525 


. 000720 


.001770 


.000421 


.001041 


.000521 


.001285 


. 000621 


.001529 


.000721 


. 001773 


.000422 


.001045 


.000522 


.001289 


. 000622 


.001533 


.000722 


.001777 


.000423 


.001049 


.000523 


.001293 


. 000623 


.001537 


. 000723 


.001781 


.000424 


.001052 


.000524 


.001296 


. 000624 


. 001541 


.000724 


. 001785 


.000425 


.001056 


.000525 


.001300 


. 000625 


.001544 


.000725 


.001789 


.000426 


; 001060 


.000526 


.001304 


. 000626 


.001548 


. 000726 


.001792 


.000427 


.001064 


.000527 


.001308 


.000627 


.001552 


.000727 


. 001796 


.000430 


.001068 


.000530 


.001312 


. 000630 


.001556 


. 000730 


.001800 


.000431 


.001071 


.000531 


.001316 


. 000631 


.001560 


.000731 


.001804 


.000432 


.001075 


.000532 


.001319 


.000632 


.001564 


. 000732 


.001808 


.000433 


. 001079 


.000533 


.001323 


.000633 


.001567 


. 000733 


.001811 


.000434 


.001083 


.000534 


.001327 


. 000634 


.001571 


. 000734 


.001815 


.000435 


.001087 


.000535 


.001331 


.000635 


. 001575 


. 000735 


.001819 


.000436 


.001091 


. 000536 


.001335 


.000636 


.001579 


. 000736 


.001823 


.000437 


.001094 


.000537 


.001338 


. 000637 


.001583 


.000737 


.001827 


.000440 


.001098 


.000540 


.001342 


. 000640 


.001586 


. 000740 


.001831 


.000441 


.001102 


.000541 


.001346 


. 000641 


.001590 


. 000741 


.001834 


.000442 


.001106 


.000542 


.001350 


. 000642 


.001594 


. 000742 


.001838 


.000443 


.001110 


.000543 


.001354 


. 000643 


.001598 


.000743 


.001842 


.000444 


.001113 


.000544 


.001358 


. 000644 


.001602 


.000744 


.001846 


. 000445 


.001117 


.000545 


.001361 


. 000645 


.001605 


.000745 


.001850 


.000446 


.001121 


.000546 


.001365 


. 000646 


.001609 


.000746 


.001853 


.000447 


.001125 


.000547 


.001369 


. 000647 


.001613 


. 000747 


.001857 


.000450 


.001129 


.000550 


.001373 


. 000650 


.001617 


.000750 


.001861 


.000451 


.001132 


.000551 


.001377 


.000651 


.001621 


. 000751 


.001865 


.000452 


.001136 


.000552 


.001380 


. 000652 


. 001625 


.000752 


.001869 


.000453 


.001140 


.000553 


.001384 


.000653 


.001628 


. 000753 


.001873 


.000454 


.001144 


.000554 


.001388 


. 000654 


.001632 


. 000754 


.001876 


.000455 


.001148 


.000555 


. 001392 « 


. 000655 


.001636 


.000755 


.001880 


.000456 


.001152 


.000556 


.001396 


. 000656 


.001640 


.000756 


.001884 


.000457 


.001155 


.000557 


.001399 


.000657 


.001644 


.000757 


.001888 


.000460 


.001159 


.000560 


.001403 


. 000660 


.001647 


.000760 


.001892 


.000461 


.001163 


.000561 


.001407 


.000661 


.001651 


.000761 


.001895 


.000462 


.001167 


.000562 


.001411 


. 000662 


.001655 


.000762 


.001899 


.000463 


.001171 


.000563 


.001415 


. 000663 


.001659 


. 000763 


. 001903 


.000464 


.001174 


.000564 


.001419 


. 000664 


.001663 


.000764 


.001907 


.000465 


.001178 


.000565 


.001422 


.000665 


.001667 


.000765 


.001911 


.000466 


.001182 


.000566 


.001426 


.000666 


.001670 


. 000766 


.001914 


.000467 


.001186 


. 000567 


. 001430 


.000667 


.001674 


.000767 


.001918 


.000470 


.001190 


.000570 


.001434 


.000670 


.001678 


.000770 


.001922 


.000471 


.001194 


.000571 


.001438 


.000671 


.001682 


.000771 


.001926 


.000472 


.001197 


.000572 


.001441 


. 000672 


.001686 


.000772 


.001930 


.000473 


.001201 


.000573 


.001445 


.000673 


.001689 


.000773 


.001934 


.000474 


.001205 


. 000574 


. 001449 


.00Q674 


.001693 


.000774 


.001937 


.000475 


. 001209 


.000575 


, 001453 


,000675 


.001697 


.000775 


.001941 


.000476 


.001213 


. 000576 


.001457 


.000676 


. 0017i)l 


.000776 


.001945 


.000477 


.001216 


.000577 


.001461 


. 000677 


.001705 


.000777 


.001949 



SECTION 8 
COMMANDS 



LOAD A 


EXECUTION 2. 2- €4 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Load ( OPA) into A. 


NORMAL 


L/i -N 

I.A 


dc 70 


OPA 


CIT-ClS+2. 


N6 


BC,l> 


(d/^A) -^ A 














DELAYED 


i-4 -D 


1 CIO 


OPA 


CIT-OPS+ / 


A 


mn-nm 


O60COO I2.'SY 


(OPA) 


000000 1 2-3V 


Ac 


Load (OPA-(I)) into A. 


NORMAL 
INDEXED 


UA -Nl 


OOTI 


OPA 


CIT-CIS+ ■2_ 


A/a 


e,cj 


Cofi\-a)) -^^ 














DELAYED 
INDEXED 


LA -Di 


/07I 


OPA 


CIT-OPS+ { 


.A 


mnnii7i 


Oooooc 11.1^ 


(6PA-0)) 


OQC0C6l2-if 


NC- 


LoadOPRND,, , into A, , ,. 
lb-1 ID- 1, 


OPERAND 


LA -0 


<3fl6 


OPRND 


CIT-C(S+ 2_ 


A/e 


- 


^^.,2 7-/7 














A 


1 777777777 


ococii.Z^S-{ 


OPRND 


/ 2.3 y 375 


U<^ 


LoadOPRNDj^jintoAg^ 27-15- 


UPPER 
FILL 


LA -u 


Oijt 


OPRND 


CIT -CIS+ 2. 


iU« 


- 
















A 


1 onoci'fsz- 


OOldOtCi^t. 






OPRND 


cnfo 


U.c 



NOTES: 



( 1) Registers: B, C, D, I, and X unchanged. (2) If C register addressed: {C) — ^ A,, ,; O — — >- A„ , ' . 

ID-l Si 27-17 



LOAD B 


EXECUTION 2- 2. 6 4 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Load (OPA) into B. 


NORMAL 


L3 -H 
i-B 


ao 32 


OPA 


CIT-CIS+ 2_ 


A/c 


C.D 


(opa) ^ ^ 














DELAYED 


l-S -D 


16 3\L. 


OPA 


CIT-OPS+ / 


B 


/777777777 


000000 /ij)* 


(OPA) 


Otfoooo / 2-3 V 


/^.C 


Load (OPA-(I)) into B. 


NORMAL 
INDEXED 


ue -Nl 


00 3 3 


OPA 


CIT-CIS+ 2. 


^Jo 


c,o 


(oFA -cr)) ^ ^ 














DELAYED 
INDEXED 


Li -°' 


/O 3i 


OPA 


CIT-OPS+ / 


B 


/ 777777 777 


tf OiV,iO tV X 3 V 


(OPA^I); 


<3 0t'0<.<^/2 3Y 


/^c 


LoadOPRND,, , intoB,, ,. 
lo- 1 lo-l 


OPERAND 


LB -0 


Ofli. 


OPRND 


CIT-CIS+ 2. 


Mo 


- 


^ ^J, 2.7-/7 










■ 




fi 


1717777 77 7 


Of>f'o / 2.3yS'(> 


OPRND 


1 i.'ili'i 


n c 


Load OPRNDj^j into Bg^ ^-..is' 


UPPER 
FILL 


cB -u 


d6 ii. 


OPRND 


CIT-CIS+ Z. 


Mc 


- 










/3 






i^^ 


1 777777777 


o^-ikim77 


^/v 


-/ ' 


OPRND 


/ i 3 y 2 


hi c 



NOTES: (1) Registers; A, C, D, I, and X unchanged^ ( 2) If C register addressed: (C) 



^16-1' ° ^ ^ 



S, 27-17* 



LOAD C 


EXECUTION J2. 2^C^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Load (OPA),, into C. 
lo-l 


NORtML 


/LC -N 


0^ Si 


OPA 


CIT-CIS+2- 


N, 


Bb 


(c,.)^^^ ^ C 














DELAYED 


LC -° 


16 if 


OPA 


CIT-OPS+ / 


C 


3m 7 7 


0/2.3VS- 


(OPA) 


a i-ZHS 


M.C 


Load (OPA-( I)) , into C. 
16-1 


NORMAL 
INDEXED 


LC -Nl 
iC -1 


ooZ:r 


OPA 


CIT-CIS+ 2. 


t^c 


eo 


^OPA<%,^ ^ C 














DELAYED 
INDEXED 


^C -0' 


(61^ 


OPA 


CIT-OPS+ f 


C 


■?7 7777 


0,2.%tS- 


(OPA^)) 


6/x3v5r 


fifc 


LoadOPRND,, , into C. 

lD-1 


OPERAND 


LC -0 


OHZi 


OPRND 


CIT-CIS+ 2. 


A/c 


- 


OP^hiD^^^^ -^ C 














c. 


3 77 777 


ij-ZYsri 






OPRND 


/ 2-3y5fe 


He 



NOTES: (1) Registers: A, B, D, I, and X unchanged. 



LOAD D 


EXECUTION 2. j2 ^^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Load (OPA) into D. 


NORMAL 


CO -'^ 


OOXf 


OPA 


CIT-CIS+ -2. 


Nc 


^.c 


(QPfi,) ^ 














DELAYED 


i-0 -0 


(0 Mf 


OPA 


CIT-0PS4- { 





7777777 7 77 


Oc>o«'oo « i3v 


(6PA) 


<3oococ> < iSy 


U.c 


Load (OPA-(I)) into D. 


NORMAL 
INDEXED 


UD -Nl 
LO -' 


o c i IT 


OPA 


CIT-CIS+ 2- 


/Vo 


/?.c 


{OPA -(I)) ^ 










. 




DELAYED 
INDEXED 


LO -°l 


f c ^ S' 


OPA 


CIT-0PS+ 1 


D 


/ 777777777 


OOCCCO 1 i^Z*/ 


(OPA-O)) 


<Docc>t>ci* z2y 


^c. 


LoadOPRND,, , into D, , ,. 
ID- 1 lb- 1 


OPERAND 


LO -0 


oy^y 


OPRND 


CIT-CIS+ 2- 


A/c- 


- 












■ 







[OhkO'ii.irTi 


OOOO /i'iYi.'fc 


OPftND 


1 i 3 Yi'fe 


A'.c . 


Load OPRNDj^_jinto D . 


UPPER 
FILL 


LO -u 


C (:,■>. i 


OPRND 


CIT-CIS+ X 


H^ 


- 
















P 


ilmriim 


<r>^'/£ 127177 


^/ V- 


1 • ' 


OPRND 


1 2 3 7;- 


A/'c 



NOTES: (1) Registers: A, B, C, L and X unchanged. (2) If C register addressed: (C) * D,, ,; O 

16-1 



S, 27-17" 



LOAD INDEX 


EXECUTION 2, 2. 6 ^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Load (OPA) , , , into I. 

iD-l 


NORMAL 


LI -N 
1.1 


Oo 34 


OPA 


CIT-CIS+O- 


//o 


ec.D 


(oPAX^^^ -^r 














DELAYED 


LI -0 


/a 3<, 


OPA 


CIT-OPS+ ( 


z 


mm 


O oooo 6~ 


(OPA) 


OOOOOOOOOS' 


f/c. 


Load (OPA-(I))^ into I. 


NORMAL 
INDEXED 


L. t -Nl 
Ut -1 


0037 


OPA 


CIT-CIS+ 2_ 


A/o 


|!?.C0 


(6PA -(X)\^^ ^ r 














DELAYED 
INDEXED 


LI -D' 


/03? 


OPA 


CIT-OPS+ 1 


T 


nnni 


oooooS" 


(OPA^)) 


0000000005" 


M.<^ 


Load OPRND,, , into I. 


OPERAND 


LT -0 


OV34 


OPRND 


CIT-CIS+2. 


A/o 


- 
















I 


ini-ii 


Ooooos~ 






OPRND 


OOOOOS' 


Nc 



NOTES: (1) Registers: A, B, C, D, and X unchanged. 



LOAD X 


EXECUTION Z. -2.4 i , 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Load (OPA). , into X. 


NORMAL 


LK -N 
LK 


OO -Z2. 


OPA 


ClT-CIS+2_ 


A/o 


Sc^^ 


(^P^)^.^ -^ < 














DELAYED 


LK -D 


/O 2.2. 


OPA 


CIT-OPS+ / 


X 


37 7 


^3y 


(OPA) 


otooooi 2-3*/ 


Ar.c. 


Load (OPA-(I)) into X, 


NORMAL 
INDEXED 


LK -Nl 
L\ -' 


00-2.Z 


OPA 


ciT-cTs+ 2. 


Ho 


B,c,p 


(oeA'^)s., -^ ^ 




/ 










DELAYED 
INDEXED 


^\ -D' 


Id i3 


OPA 


CIT-OPS+ / 


)C 


3 77 


2,3 y 


(OPA-tD) 


OOQOQOOT-Z^ 


^f.c. 


Load OPRND. , into X. 
o-l 


OPERAND 


Z_y -0 


Oy aa. 


OPRND 


CIT-CIS+2. 


Mo 


- 


a-f 














X 


3J1 


2 5-6 






OPRND 


/t\'ib'k 


/v c 



NOTES: (1) Registers: A, B, C, D, and I unchanged. (2) If C register addressed: (C) > I 



STORE A 


EXECUTION 2. 0.66 
TIME— WORD TIKES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O-F? 


ADDRESSABLE 
RECS. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Store (A) inOPA. 


NORMAL 


SVt -H 
SA 


aoii 


OPA 


CIT-CB+Z 


No 


<?,C.P 


(A) -> OP^ 














DELAYED 


SA -D 


IdK. 


OPA 


CIT-OPS*/ 


A 


OOOOOOHOS^Q 


N.c 


(OPA) 


OOOOOO 1 -i-Z*^ 


aoooao^oiTO 


Store (A) in OPA-Q). 


NORMAL 
INDEXED 


SA -Nl 
SA -' 


O017 


OPA 


aT-cis+2. 


Mo 


Bc,o 


C/lj ^ OP/\<T^) 














DELAYED 
INDEXED 


SA -«>< 


i<iTt 


OPA 


CIT-OPS* / 


A 


OOOC06 tosrc 


Arc. 






(OPA-fl* 


ooooi 2.3YS£ 


O^oo^ofoS'o 



NOTES: (^) Registers: A, I, and X unchcmged; B, C, and D unchanged, unless addressed. 
(2) If C register addressed: MJi|4,| ^ C. 



STORE A REPEAT 


EXECUTION 2 -^CX) ^U* ISZ(*) 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
Vft 


ADDRESSABLE 
RECS. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAtO) 


REG. 


BEFORE 


AFTER 


Store (A) in OPA and in all 
consecutive sectors up to 
OPA+{X). 


NORMAL 


'SA(L-*i 
SA(t 


a 76 


OPA 


CIT-CIS*(:<)« 


hlc^ 


8,c,p 


(A) -^ OPA^ OPAtl 


/) 


aooooooc/cio 


N^c. 


< 


111 


/I/.C 


DELAYED 


SA6.-0 


II 7i 


OPA 


CIT-OPS+CxJ+l 


(.of»+m) 


HS<7aixi^ 


ooooooeooo 


(OPA) 


iXZHSiloix. 


O <loO<t^^OO 


Store (A) in OPA- (I) and in all 
consecutive sectors up to 
OPA-{I)+(X). 


NORMAL 
INDEXED 


5/1K. -Nl 


on? 


OPA 


CIT-CIS+fX>i 


Mc 


6, CO 


(/I) -> OPA-(.Z)^oPA-a:)4.t, 


A 


OOOOOOCCOO 


A/X. 


xc 


0/Z. 


/V.C- 


DELAYED 
INDEXED 


5V*(J -01 


nil 


OPA 


CIT-OPS+{<Jfl 


:ofi4<^/2.) 


ooaooo/i-Jt 


0COC<,0 6 cc o 


(OPA^)J 


nm-n->il 


oocco e c "Co 



NOTES: (1) Registers: A, B, C. D, I, and X unchanged; although B, C, and D registers are addressable, this command would not be used to address them. 



STORE B 


EXECUTION 2. zee 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 
ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Store (B) in OPA. 


NORMAL 


SB -N 
Sg 


O0i>4, 


OPA 


CIT-CIS+ Z. 


A/o 


C,D 


CB) ^ OPA 














DELAYED 


se -° 


lOAi 


OPA 


CIT-OPS+ / 


B 


OOOOOO^OS'O 


fr.C. 


(OPA) 


oooooo /•2.3 Y 


Q6O60O^0S'0 


Store (B) in OPA-(J;J, 


NORMAL 
INDEXED 


Sg -Nl 


OOil 


OPA 


CIT-CIS+2. 


No 


C.B 


CB) -^ ofiA-CO 














DELAYED 
INDEXED 


SB -"' 


I04>1 


OPA 


CIT-OPS+ j 


8 


060006 fosro 


H.C. 






(OPA^); 


000060 /13Y 


OOOooo^oSO 



NOTES: (1) Registers: A, B, I, and X unchanged; C and D unchanged, unless addressed. 



(2) If C register addressed: ( B) ">■ C' 



STORE D 


EXECUTION JZ, 2_^^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Store (D) in OPA. 


NORMAL 


SP -N 


cPO 72. 


OPA 


CIT-CIS+ 2. 


A/O 


g,C 


(b) -^ OPA 














DELAYED 


SP -D 


10 7Z- 


OPA 


CIT-OPS+ / 


D 


OdOoOO V0S"O 


/f.Q. 


(OPA) 


oooooc /i'3 V 


66 ooo yoso 


Store (D) in OPA-(I). 


NORMAL 
INDEXED 


SP -Nl 
SO -' 


Q6 11 


OPA 


CIT-CIS+ 2, 


A/o 


1?,^ 


CO) -^ Qf'^-i^ 








P 






DELAYED 
INDEXED 


SP -Di 


10/2 


OPA 


CIT-OPS+ i 




OOfii'-iO^-COCO 


/v.c . 






(oPa-{!)> 


r) o ('-oo ' i.'^'-f 


One "iOit'O Ooo 



NOTES; (1) Registers: A, D, I, and X unchanged; B and C unchanged, unless addressed. 
(2) If C register addressed: { C>J ~^ C . 



EXCHANGE AB 


EXECUTION ^ '2 ^^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


- Exchange (A) with (B). 


NORMAL 


EAB -N 


OO ¥Z 


OiS'-NUN 


CIT-CIS+ 2. 


Ho 


- 


{A) ^ B 
{B) -^ ^ 


/? 


Oaao^a /-i-tv 


/ 77 7 7 77 777 


B 


J 777777 777 


OOOO OO 1 l-'i'f 


DELAYED 


E/48 -D 


/ayx 


035- on 


CIT-OPS+ / 












(OPA) 


- 






NOTES:, (1) Registers: C, D, I, and X unchanged. 



EXCHANGE AC 


EXECUTION ■ 
TIME— 


2_ 
WORD TIMES 


MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Exchange (A)j^_j with (C). 


NORMAL 


EAc 


QO^Z- 


03l-kltJkj 


CIT-CIS + 


Na 


- 




A 


/ 717000 J 77 


OOOO I^ZVS^i 


c 


/z.-ifSi 


ocoiyy 


DELAYED 


FfiC -D 


lO^Z. 


03I-OP5 


CIT-OPS+ 








-^ 


^iZl-\-) 


(6PA) 


— 


- 



NOTES: (^) Registers: B, D, I, and X unchanged. 



EXCHANGE 


AD 














EXECUTION 
TIME— 


2- 
WORD TIMES 


Z66 

MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Exchange (A) with (D). 


NORMAL 


BIO -N 
EAD 


CC'/i. 


QiO-NNU 


CIT-CIS+ Z. 


A/o 


- 


CD) ^^ 


A 


e'er COO /2 J v 


/77 V;-77777 


D 


/?/ 777777'/ 


r:r-roooi 7.3V 


DELAYED 


e.4D -D 


Ui:L 


OZQ-Opi 


CIT-OPS+ ( 












(OPA) 




- 



NOTES: (1) Registers: B, C, I, and X unchanged. 



EXCHANGE AI 


EXECUTION 2- ^ ^(i 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Exchange (A) , , with (1). 


NORMAL 


5/47 -N 
B/iT 


ooiz \ozs--m»f 


CIT-ClS+2. 


Ho 


- 




/? 


niioco/y-} 


O'iOO l-L'i<fS% 


T 


/?- 3 yri 


000/77 


DELAYED 


EAT -D 


//)V2 ! «»a<--/hBC 


C1T-0PS+ / 












-^As/zn-n 


(OPA) 


- 


— 



NOTES; (1) Registers B, C, D, and JC unchanged. 



REPLACE A WITH I 


EXECUTION . 2. 2.^^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
OT? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


'transfer (I)/into A, ,/ , . 

1 D - 1 


NORMAL 


Rat -n 
Rfi>X 


<3/V2- 


OlLS-HUfi 


CIT-CIS+ 2. 


/Vo 






/I 


/777 777777 


oooo ao 2.71 


Z 


OOO 2.7 7 


A^.c. 


DELAYED 


/p/ir -D 


l\Hl 


02ir-oPs 


CIT-OPS+ / 








(r) 


-"T 


(OPA) 


— 


- 



NOTES: (1) Registers: B, C, D, I, and X unchanged. 



REPLACE I WITH A 


EXECUTION "2. 2 (^(?' 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Transfer (A) , into I. 


NORMAL 




0ZV2. 


0:lS'-NW 


CIT-CIS+ 2. 


Ho 




r4« -^-^ 

(A) -^^ 


/I 


dOOOOOC iS^C 


/r.c. 


X 


/ 2 1 ii'c 


coo ISO 


DELAYED 


RlA -D 


/Zf2- 


QX5-0PS 


CIT-OPS+ / 












(OPA) 


- 


- 



NOTES: (1) Registers: A, B, C, D, and X unchanged. 



EXCHANGE AX 


EXECUTION Z. 2.44> 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS j 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


/ Exchange <A)h j with (3t). 


NORMAL 


^AiC 


OOfx, 


OZf-f^M 


ClT-CIS+2- 


/l/o 


- 


00 -^ ^8-1 


/) 


OCOOOOTLl-O 


0000000 377 


X 


377 


ZXO 


DELAYED 


FAX -D 


lOi/Z 


Q2f-0PS 


CIT-OPS+ / 








-> 


^S,27'^ 


(6PA) 


- 


- 



NOTES: (1) Registers: B, C, D, and I unchanged. 



EXCHANGE AX LOW BITS 


EXECUTION. *^ 2.1^^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Transfer (A). , to X, and (X), , 
o-l 7-1 


NORMAL 


FAXL -N 
BAi(L 


<DVy2, 


02Jf-Hm 


ciT-cis+2. 


No 


- 




A 


O -2.12.006660 


02/2_OC?6^2-0 


X 


ozo 


-3.60 


DELAYED 


BftML -D 


iHii^ 


0-zt-PPP 


CIT-OPS+ j 








(A)8. 


i-^^ 


(OPA) . 







REPLACE A WITH X 


EXECUTION 2. :Z ^^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


reg! 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Transfer (X) into A^ , . 
o-l 


NORMAL 


RACK -N 


O/Y^ 


OzY-^*^*^ 


CIT-CIS+ 2 


A/d 




a -^ A, ,^ „ 


A 


/777 777 777 


OCCOOOOiJ-O 


X 


/■i.0 


A/ C. 


DELAYED 


R/Kk-d 


//y^. 


czt 'oes. 


CIT-OPS+ 1 






(x; - 


-^ K 


(oPa) 


1 
1 



NOTES: (1) Registers: B, C, D, I, and X unchanged. 



REPLACE A WITH X LOW BITS 


EXECUTION :2. '2.^ C 
TIME— WORD TIMES MICROSECONDS | 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Transfer (X)^_j into A^_j, 


NORMAL 




o '>-v^ 


OiV-MA/' 


CIT-CIS+ 2. 


N. 


- 




A 


/COO^'S-S-oii'S' 


/OCOb'S^n? 


K 


171 


A^.C 


DELAYED 


flAHK-O 


/xY^- 


oiH-oes 


CIT-OPS+ [ 








c<; 


-^ X 


(OF-A) 


- 


- 



NOTES: (1) Registers: B, C, D, I, and X unchanged. 



REPLACE X WITH A 


EXECUTION -2- -2- (J (^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE e F FECT OF OPE RATION 
REG'S. j 


REGISTER STATUS ] 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Transfer (A). into X. 


NORMAL 


R1.A -N 
Rl\ 


^•iV2. 


OZi--l\/Mi^ 


CIT-C1S+ X. 


M 


- 




/? 


Oooooocz.1-) 


^.C 


< 


IZO 


2-7 7 


DELAYED 


Ri,^ -D 


(2.0.. 


ozi-cf^:^ 


CIT-OPS+ 1 












(OPa) 


- 


- 



NOTES: (1) Registers: A, B, C, D, and I unchanged. 



EXCHANGE AM 


EXECUTION Z. ^66 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


UN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS j 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Exchange (A) with (M). 


NORMAL 


^■:^M _N 
r 4 '"i 


CO V 2. 


OXP KKM 


C1T-CIS+ 2. 


I^'o 




(A) -^ '^? 


/? 


/ 4 /3 7JL(.0ib' 


/ 7TiCi1<ifZ 


/*J 


/ 7 76 c'iYf 7 3 


7(.7H^i>OlS 


DELAYED 


i? -i H -D 


I'-'H. 


0^0 ''n 


CIT-OPS+ j 












(OPA) 




- 



NOTES: (1) Registers: B, C, D, I, and X unchanged. (2) M register may be 8, 16, or 28 bits long. If M is less than 28 bits, only 

corresponding bits are exchanged; upper bits of A recirculate. (3) Up to four M registers may be used (up to 112 
priority interrupt lines): 



M Register Bits 



Register Designations 



Operand Track Addresses 



1-28 


Ml 


020 


29-56 


M2 


060 


57-84 


M3 


120 


85-112 


M4 


160 



MASKED EXCHANGE AM 


EXECUTION 2. 2^(:C 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Exchange corresponding bits between 
A and M for which there is a "1" in 
the corresponding bit position in the 
B register. 


NORMAL 


F,-) Bm -n 


OVVZ- 


02.0-fVNu 


CIT-CIS+Z. 


A/o 




5FE Mores 


A 


I7777-77T71 


1775-777777 


B 


0002.00 OOO 


A/ c . 


DELAYED 


t 4 ©A? -D 


/yv2 


ozo-ops 


CIT-OPS+ / 


->? 


llb'S- 7 7i 77 7 


773-77 7677 7 






(Opa) 







NOTES: C-) See "Exchange AM". (2) B register used as a mask: 1-bits in B register permit corresponding bit positions in A to be written into corresponding bit positions 

in M, and vice versa; 0-bits in B register mask corresponding bit positions in A and M registers from being written into, and those bit positions in A and M are unchanged. 



REPLACE A 


WITH M 












EXECUTION 
TIME— 


WORD TIMES 


Z6^ 

MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Transfer (M) into A. 


NORMAL 


A'4.*1 -N 
R4H 


C 1 V i- 


02.0 -A/A'*' 


CIT-CIS+ 2_ 


hJo 


- 




,4 


C vooco ifiSO 


177767^.^67 


,^ 


niiki(,ii> 7 


Mc 


DELAYED 


^.4.^ -D 


//¥ Z- 


0X0 cYj 


CIT-0PS+ / 












(OPA) 


' 


- 



NOTES: (1) See "Exchange AM" 





REPLACE M WITH A 


EXECUTION 2- 2-^^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS j 


REG. 


1 
BEFORE 1 AFTER 

1 ! 


OP 
CODE 


OPERAND 


Transfer (A) into M. 


NORMAL 


K'.vi.4 -N 


CLil 


0-XX> A^hK 


CIT-CIS+ 2. 


N, 




(/-}j --^..V 


/■) / 7 / / 7 / 7 ; / 7 ' A, <■ i 


(opa! — 


;■///« 7 7 , / ;■ / 7 V 7 7 y -/ 7 7 7 


DELAYED 


li. "/w -D 


iril. 


OZO-C"'^ 


C1T-0PS+ / 


(.^) 


p> .n 


- — ■- 



NOTES; (1) See "Exchange AM". 



MASKED REPLACE M WITH A 


EXECUTION 2. 2.6 4. 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


aN 

O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS j 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Replace corresponding bits in M irom 
A, for which there is a "1" in the 
corresponding bit position in the B 
register. 


NORMAL 


A\v,.46-N 


06 YZ- 


OZO-NNN 


CIT-CIS+2. 


Mc 


- 


S^£ Nores 


A 


/ 777777777 


MC, 


8 


COCZOOC ooo 


A/'.C 


DELAYED 


^A)4e -0 


/6.y2 


02Q-0PS 


C1T-0PS+ / 


/*) 


1 7S-S-776 J7f 


/ 157776771 






(OPA) 







NOTES: (1) See "Exchange AM". (2) B register used as a mask: 1-bits in B register permit corresponding bit positions in A to be written into corresponding bit positions in M; 

0-bits in B register mask corresponding bit positions in M register fronn being written into, and those bit positions in M are unchanged. (A and B are unchanged.) 



EXCHANGE AQ 


EXECUTION "2. 2. 64, 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE EFFECT OF OPERATION 
REG'S. 


REGISTER STATUS j 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Exchange (A) with (Q). 

1 


NORMAL 




<50Vi \<yXi-KKA, 


CIT_CIS+ i 


M' 


' 


CA) -^ a 

CQ) -^ -^ 


/» 


Ooocococoo 


Oo<^ioooi OO 1 


a 


OOOCOOl COl 


O ooo ooo CO 


DELAYED 


F4C -D 


1 /, V 2 1 0-2 1 - c'l /' i 


C1T-0PS+ 1 
















(6PA) 


- 


- 



(1) Registers: B, C, D, I, and X unchanged. (2) Q register may be 8, 16, or 28 bits long. If Q is less than 28 bits, only 
corresponding bits are exchanged; upper bits of A recirculate. (3) Up to four Q registers may be used (up to 112 
priority interrupt lines): 



Q Register Bits 



Register Designations 



Operand Track Addresses 



1-28 


Ql 


021 


29-56 


Q2 


061 


57-84 


Q3 


121 


85-112 


Q4 


161 



REPLACE A WITH Q 


EXECUTION Z- '2 6 (y 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE AFTER " 


Transfer (Q) into A. 


NORMAL 


A't'v -N 


<'."/V2- 


OX( -/LAtA/ 


CIT-CIS+ 2 


No 


. - 


i.\ —y C 


-1 


C r <■<•<■/ 'J ir < <'''-cc^coo 





CcrtH'c^ ■■■<-■(■ ; A c 


DELAYED 


K ... -0 


/ / V 2 


Oz/-r/'i 


CIT-OPS+ 1 










(0PA1 - , \ 

1 



(1) See "Exchange AQ". 



REPLACE Q WITH A 


EXECUTION 2 2 ^^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Transfer (A) into Q, 


NORMAL 




<3Z¥2- 


02l-A/A/-y 


CIT-CIS+ CL 


A/o 


- 


(/\) -^ A 


.A 


Ooooaooaoo 


/I/.c. 


Q 


OOOOOi-QOOC 


ooooaooaoo 


DELAYED 


IZQA -0 


/ZVi 


OZi'OPS 


CIT-OPS+ ) 












(OPA) 


- 


- 



NOTES: 



(1) See "Exchange AQ". 



CLEAR AB 


EXECUTION 2- Z ^(= 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Set (A) and (B) to zero. 


NORMAL 


XAB -N 
ZA& 


OO V^ 


0,^(, -A/A)M 


CIT-CIS+^ 


/l/o 


- 










A 


/ 7 77777777 


Oo-^ntuuiooo 


DELAYED 


Iab -0 


/(jy2_ 


O-ib- QPS 


CIT-OPS+ / 


8 


/ 35335 SS37 


aaao<^o c (^oo 






(OPa) 


- 


- 



NOTES: (1) Registers: C, D, I, and X unchanged^ 



COMPLEMENT A 


EXECUTION 2_ 2. ^ 6 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Replace (A) with its 2's complement. 


NORMAL 


CAlp 


ao yj- 


aj.(.-A;AJAJ 


CIT-CIS+ 2. 


Yes 


- 


Z's Cc,H(>'.£MetJT if: CA) -? ^ 


/) 


OOOCOO 12.3V 


t-i-inviiSfi 








DELAYED 


CAlP -D 


10^2. 


oiL6-oe^ 


CIT-OPS+ I 












{tPk) 


— 





NOTES: (1) Registers: B, C, D, I, and X unchanged. 



MERGE 


EXECUTION 2_ X(>C 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Take logical sum of (A) and (OPA). 


NORMAL 


/^<S -N 
A?6 


OO (,i 


OPA 


CIT-CIS+ 2- 


Vo 


A CO 


CA)®(oi'^) ^^ 














DELAYED 


,A/[ G -D 


lOi-/ 


OPA 


CIT-OPS+ / 


A 


Oo<><ioori.Z */ 


OOCOOOS^-T, J^ 


(6PA) 


Ocococ f3i.i 


/v. c 


Take logical sum of (A) and 
(OPA-(I)). 


NORMAL 
INDEXED 


MG -NI 


006 5' 


OPA 


CIT-CIS+ 2. 


A/o 


^,c.D 


(A)®('^''^-^^)) -^/> 














DELAYED 
INDEXED 


/v?^ -Dl 


/ i! 4 5" 


OPA 


CIT-OPS+ / 


A 


Oooooo tzZf 


aoooacgs j£r 


(OPA-tU) 


OOOOOO^ii-t 


W <^. 


Take logical sum of (A) and 
OPRNDj^_,^. 


OPERAND 


MG -0 


oi6y 


OPRND 


CIT-ClS+2^ 


A/o 


- 


(A) (DOPRKJO^, r^^n-i 














A 


1 1 1 1 <il IZl^ 


//// 7lS3iir 


OPRND 


/It i^. 1 


A/'C, 


Take logical sum of (A) and 
OPRNDj4_j. ^' "-^5 


UPPER 
FILL 


.*16 -u 


64ii 


OPRND 


CIT-CIS+2^ 


fJc 


- 


















JO 1 1 1 c i zh'-f 


/ 2. 1 7 1 li ■ LJ'i 






OPRND 


■j.^Sj.1 


h C . 



NOTES: (1) Registers: B, C, D, I, and X unchanged, (2) If C register addressed: (A) , © (C) ^ A ; (A) 



16-1 



16-1' ^ 's, 27-17 S, 27-17' 



EXTRACT 


EXECUTION 2_ 2-6 6 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Take logical product of (A) and 
(OPA). 


NORMAL 


EK -N 


cc j,o 


OPA 


CIT-C1S+ %, 


A/o 


6c.D 


{A)(^(.oe^) ->A 














DELAYED 


en -D 


fC-JLC 


OPA 


CIT-OPS+ 7 


A 


COOOOOiX'i'f 


<3f oco r'Oi to 


(OPA) 


occ>ooc'iii.\ 


/V.c 


Take logical product of (A) and 
(OPA-(I)). 


NORMAL 
INDEXED 


Ex -Nl 

e» -1 


C C 1.1 


OPA 


CIT-CIS+2. 


A/o 


^.^.P 


{/\) €) ^<if^ <f2) ^ '^ 














DELAYED 
INDEXED 


pX -Dl 


HI z/ 


OPA 


CIT-OPS+ ( 


A 


OCoCCiCS li-if 


ocaoocczi-c 


(6PA<I)) 


COC OCC iZi. 1 


A/ C 


Take logical product of (A) and 


OPERAND 


f < -0 


t' via 


OPRND 


CIT_CIS+2. 


Nfc 


- 
















/) 


ll \l OOI Xl<i 


OOOOOOfiiiO 


OPRND 


0/fiJ.I 


M C 


Take logical product of (A) 27-15 

and OPRND, . , • 
14-1 


UPPER 
FILL 


H< -u 


O6xo 


OPRND 


CIT-CIS+ 2. 


Kio 



















A 


/777777777 


05-/6i3 /777 






OPRND 


/2- iVV 


A/.C, 



NOTES: (1) Registers: B, C, D, I, and X unchanged. <2) If C register addressed: (A)., , (g) (C) *■ A,, , 



*■ A,, ,; O *■ A 



S, 27-17* 



■ REDUCE INDEX 


EXECUTION :Z. Z^C 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Subtract (OPA) , from (I). 


NORMAL 


A'* -** 

AT 


r-r J.C: 


OPA 


CIT-CIS+X 


No 


6c,o 


C^J -('^^^)u, ^ ' 














DELAYED 


Rr -0 


ic iC 


OPA 


C1T-0PS+ / 


I 


OCCO/C 


COOCC'7 


(OPA) 


Cy.^-OCX'^CC'^C 1 


MC 


Subtract (OPA- (I)),, /from (1), 
lo-l 


NORMAL 
INDEXED 


fit -Nl 


oc z 7 


OPA 


CIT-CIS* 2. 


/^. 


^S,0 


(jr)-(or4-(T)) > ^ 














DELAYED 
INDEXED 


i<i -"' 


/C17 


OPA 


CIT-OPSt / 


r 


COOCIO 


COocc 7 


(OPA.^I)J 


00<-'C0 <<'O0 1 


/VC. 


Subtract OPRND,, , from (I). 
lt)-i 


OPERAND 


RT -0 


cm 


OPRND 


ClT-CIS+2; 


A/o 


- 


(r) - of'f<K.i> ~y ^ 

* ' H.- 1 
















r-. .CO 


ro^'t (^ / 






OPRND "^ 


' "'"' 1 


N. 



NOTES: (1) Registers: A, B, C, D, and X unchanged. 



ADD 


EXECUTION ^ J. 6^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Add (OPA) to (A). 


NORMAL 


A D 


cr 60 


OPA 


C1T-CIS+ Z. 


res 


Cc.D 


(/I) ^ (CPA) ^ A 














DELAYED 


4P -D 


IC 6C 


OPA 


C1T-0PS+ / 


4 


C(-''i'c<u'('t CO 


Of'ofU'tiofcoo 


(OPA) 


Cfi.'VtTn^ o 'JCI^ 


Nc 


Add (OPA-{I)) to (A). 


NORMAL 
INDEXED 


A -Nl 


CO c,i 


OPA 


CIT-C1S+^ 


)e. 


B.c;d 


(A) f (oPA-r) -? A 














DELAYED 
INDEXED 


^b -D' 


10 C 1 


OPA 


CIT-OPS+ f 


A 


OCCCOO 1 23 V 


occcoc 17.01 


(OPA-I) 


/ 7 777 7 7 775 


he. 


Add OPRND., , to (A). 
Id- 1 


OPERAND 


A 0-0 


f 66 


OPRNO 


CIT-CIS+ 2. 


yv-s 


- 


(A) i ^'t^i^*-^,^., "^ ^ 














A 


11117 770 i 


1 7 7 77 7 7<3i--S 






bPRND 


occcfT 


*/C 



NOTES: (1) Registers: B, C, D. I, and X unchanged. 



■ SUBTRACT 


EXECUTION '2-. "2-6 4 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Subtract (OPA) from (A). 


NORMAL 


:5L' -N 

3 e 


00 iC 1 OPA 


CIT-CIS+'^ 


Y£:> 


S,CD 


(A) -(CPA) -^ A 














DELAYED 


.S -D 


/c 3 \ OP* 


CIT-OPS+ / 


A 


occc't-or roo 


OH-CCOi-fiCC 


(6PA) 


ci ct'oti e 1 


t^.c. 


Subtract (OPA-(I)) from (A). 


NORMAL 
INDEXED 


Sl' -Nl 


c^cl, 1 OPA 


CIT-CIS+ 2, 


Y^^ 


&C/0 


iA) - (ol'A iD) -r A 














DELAYED 
INDEXED 


Sc -D' 


/^S, °'" 


CIT-OPS+ / 


A 


C cC'OCocii'i-i.' 


Oi'occco TOO 


(OPA^ID 


1 7 imiicc 


KC 


Subtract OPRND,, , from (A),, ,. 

lD-1 lO-l 


OPERAND 


J -0 


1 OPRND 


CIT-CIS+ 1 


Vt> 


- 


(fi) - op/mo^^^-^A 














OPRND 


m / / 1 / 1 / / 


ll-tlh'fi'r-i-t 










/ i i i i .;: .'v V 1 



NOTES: (1) Registers: B, C, D, I, and X unchanged. 



MULTIPLY 27 


EXECUTION 3 C 311 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Multiply (A) X (OPA). 


NORMAL 


/<1i7 -N 


c r^oz. 


OPA 


CIT-CIS+.34 


A/o 


6, C, 




.A 


c'f'oofii'* i- 3 V 


Off' rof <iti<><i 


R 


- 


CO(-ti-«iT-0 


DELAYED 


''117 -D 


iZOi^ 


OPA 


CIT-OPS+ JS" 


c. 


- 


OOiL-Jl 


(OPA) ■ 


fl(V>r><'Cf'7S*V 


AC. 


Multiply (A) X (OPA-(X)). 


NORMAL 
INDEXED 


Mil -Nl 


oiol 


OPA 


CIT-CIS+54 


Klo 


/?C,D 




A 


C)rfOO<^/^3V 


OeoOf ff<riocf> 


r? 


- 


r'c?£>o/3Jiy c 


DELAYED 
INDEXED 


A/i7 -D' 


IZCZ 


OPA 


CIT-0PS+J5- 


c 


- 


OOii-ly 


(dPA-4)) 


ooooeiooiCfy 


fi/'C 


Multiply (A) X OPRNDj^_j. 


OPERAND 


A) J 7 -0 


70 3 


OPRND 


ClT-ClS+Jt 


A/o 


- 


(■■''A 7-, " '^^^'■'"/i , "^'^H- l'^^} 1 


.4 


ooceK'c/ i-ly 


acoeoco^e 


R 


- 


O<^t'<.'0 }Ct.2.H 


c. 




QOtLTf 


C^Ju- 


, "^ ^ 


OPRND 


OCOOi 3 


A/.C 



NOTES: (1) Registers: D, I, and X unchanged. 



(2) Scaling: (A) at 2^ x (OPA) at 2^ 



(A) (B) at 2 



■ MULTIPLY 2 1 


EXECUTION 2 V 3 i 'Z 2. 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


aN 

O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Multiply (A) x (OPA)g^ ^Li" 


NORMAL 


A% 1 1 -N 
»>2 ( 


C -i- <■' i- 


OPA 


CIT-CIS+ 3o 


Mo 


S.C. D 




A 


Ot'Cf'Otf/ i-Jy 


C f C0c>0<?00 


/? 


<J<:'ftt'c>Pt'00^^ 


I'j -io<7i<"'0 


DELAYED 


■ i-l 2 1 -D 


12. t i~ 


OPA 


CIT-ops+^.7 


c. 


- 


0<3< i-iV 


(OPA) 


dOOVCi'd 7S'f 


A, c- 


Multiply (A) X (OPA-(I))g^ ^i.i* 


NORMAL 
INDEXED 


.') J 1 -Nl 

M a / -1 


CIO, 


OPA 


CIT-CIS+ ic 


Nio 


^S,9 




A 


i^^CCOCCiH if 


i^ce cc C' coec 


B 


CCi'Ct'/20/L 


C(i3Mi(>00 


DELAYED 
INDEXED 


■^Jil -°' 


1 I- <.' J 


OPA 


CIT-OPS+2 7 


•^ 


- 


C'Oiy 


(OPA^J 


cic-'c'i-c't'O 1 C (, 


A,-, c 


Multiply (A) X OPRND , , , . 
lo-i 


OPERAND 


-m -0 


C i ^ 


OPRND 


CIT-CIS+ So 


L^. 


- 




4 


^jOOCC C 1 2JV 


f'r^OCiWr^C'flO 


li 


,^ <•■<■'' '• fCc''C i (.oc Scit^OC 


c. 


• - "<' 1 i iv 


(^hc 


, y c 


OPRND 


.■' <r^ i Kj {. 



NOTES: (1) Registers: D, I, and X unchanged. (2) Scaling: (A) at 2 x (OPA) at 2 = (A) (B),_ , at 2 



R + S + 6 



MULTIPLY 14 


EXECUTION /7 Z.'Z. ^ 1 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Multiply (A) x: (OPA)g j4^j. 


NORMAL 




<:>I6Z. 


OPA 


CIT-CIS+2f . 


A/o 


^,C,D 




A 


Oooaooti.Z'i 


odo ooo aot-'i 


a 


OO OO aooooo 


OO lifOOOQQ 


DELAYED 


AjiY -D 


n 01. 


OPA 


CIT-OPS+2/) 


c 


— ■ 


O0/2.2V 


(OPA) 


OaoffoooiS*/ 


A/.fL 


Multiply' (A) X (OPA-(I))^^ ' ^^_^ ^ 


NORMAL 
INDEXED 


^/y -Nl 


CIOZ 


OPA 


CIT-CIS+2./ 


Uo 


B.c,p 




/^ 


Ooaooa/3-ZV 


000000606 X. 


B 


06 00 000000 


oCi2^S^aoao 


DELAYED 
INDEXED 


A^/y -Di 


n oz 


OPA 


CIT-OPS+2.0 


C 


- 


Oaiz^Zf 


(OPA-CI); 


ooaoooo f64 


Ajc 


Multiply (A) X OPRND . 


OPERAND 


^/y -0 


os-oz. 


OPRND 


CIT-CIS+'i-f 


A/o 


- 




/> 


oooooeit-^'^ 


0000060000 


/? 


Oc 6 ooOeoQ 


o^iyS'ooooo 


t- 


- 


ooiiri<i 


c/JJ 


/<-/-> c. 


OPRND 


oooo 13 


AT. a 



NOTES: (1) Registers: D, I, and ,'X unchanged. I (2) Scaling: (A) at Z'^ x (OPA) at 2 



(A) (B) 



27-14 



■ MULTIPLY 7 


EXECUTION ^<^ /330 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


,r' Multiply (A) X (OPA) _ .. 


NORMAL 


.A77 -N 
AJ7 


OOOi. 


OPA 


CIT-CIS+/2, 


Mo 


^.C,D 


(0^^)„.g * S^o-I 


/J 


OOOOOOI 2.Zf 


OOOOOO '063 


B 


Ooooooooco 


OSVJOOOOOOO 


DELAYED 


Ml -° 


JdOlu 


OPA 


CIT-OPS+// 


c 


- 


0Oli.-it- 


(OPA) 


ooooooo'iS^f 


fi/.c. 


Multiply (A) X (OPA-(ip^ / ^_j. 


NORMAL 
INDEXED 


A) 7 -Nl 
AI7 -' 


600Z 


OPA 


CIT-CIS+/-2, 


Ho 


Bc,0 




A 


Ooooooii.'Sf 


OOOOOOOS'irS' 


8 


oooooooooo 


Oi.90000000 


DELAYED 
INDEXED 


AI7 -°' 


1003 


OPA 


CIT-OPS+// 


c 


- 


OOI2.ZY 


(OPA<l)) 


OOOOOOO 1 Ok 


A/ C 


Multiply (A) X OPRND,, ; 


OPERAND 


Aiy -0 


Of OX 


OPRND 


CIT-CIS+/i • 


Ho 


- 




A 


OOOOCOi2-Zf 


<oooooo<5/y3 


8 


OooocooOoc 


OIXOOOQOOO 


c 


- 


OotzTif 


(^) 


.V^C 


OPRND 


ooao^l 


>y. c . 



NOTES: (1) Registers: D, I, and X unchangfed. (2) Scaling: (A) at 2 x (OPA) at 2 = (A) (B), 21^'^ 



R+S+20 



DIVIDE 27 


EXECUTION 3i -^/^.S 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


"niviie (Afi^ (OPA). 


NORMAL 


P2.7 -N 

on 


01 IZ. 


OPA 


CIT-CIS+37 . 


y^s 


Ec^d 




A 


aooooo 0/33 


OHtfilf6Slf 


B 


- - 


00000002.00 


DELAYED 


Dll -D 


/3.'2. 


OPA 


CIT-OPS+3^ 


c 


-" 


Oocrxffo 


(OPA) 


OOOOOOOZfO 


/»/. c . 


Divide (A) by (bpA-(I)). 


NORMAL 
INDEXED 


D,27 -Nl 


OZIZ 


OPA 


CIT-cls+3-7 


rer 


8,cp 




A 


0000000 ifY 


0000000 3 S-£" 


8 


- 


001 Q0600OO 


DELAYED 
INDEXED 


027 -D' 


IZI2 


OPA 


CIT-OPS+3^ 


c 


- 


000000 


(OPAH!)) 


03306OOC00 


AJ,a. 


Divide (A) by OPRNDj^_j. 


OPERAND 


Dzy -0 


07/2. 


OPRND 


CIT-CIS+37 


Vbs 






A 


OO0OC0Q/<,S 


OOS'iOOOOCC 


g 


- 


doooooooao 


c 


- 


OOlJfCO 


OPkND 


OOZf^OO 


Uc 



R S R-S S 

NOTES: (\) Regfsters: D, I, anfl X unchanged,' (2) Scaling: (A) at 2 /(OPA) at 2 = (A) at 2 ; Remainder = (B) at 2 (scaled from B^_). (3) Correctness of quotient depends 

on ratio between absolute magnitudes of dividend and divisor: 

(a) If (A) /(OPA < 1, quotient is correct as generated. 

(b) Overflow is indicated whenever (A) /(OPA) > 1. 

(c) If 1 < (A)/(OPA) < 2, quotient as generated is missing its most significant bit. Correct quotient can be reconstructed in this case, however, by shifting right one place 
(changes scaling) and replacing the missing bit in A-_: a "1" if A is "0"; a "0" if A is "1". 

(d) If (A)/(OPA) > 2, quotient as generated is meaningless and cannot be reconstructed. 



DIVIDE 21 


EXECUTION '2.5' 23ZS~ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Divide (A) by (OPA). 


NORMAL 


Di-I -N 


O^-li- 


OPA 


ClT-CIS+3 i 


res 


^.CD 


As -^ ^2.7-2.-^ 


A 


OOOOOOO 123 


COOVf2/fi3 


B 


- 


OOOOOOOOfO 


DELAYED 


Oil -D 


/Z/2- , 


OPA 


CIT-0PS+3(J 


C 


- 


oooxfo 


(OPA) 


000000 oz. fo 


AJ.C . 


Divide (A)' by (OPA^(l)) . 


NORMAL 
INDEXED 


02.) -Nl 


02.13 


OPA 


CIT-CIS+3 j 


Kb- 


(J.^<D 


^)/r<f/'-^-(^ -^^S, 2.1-1 


4 


000000-7 too 


0000000 133 


B 


- 


/aooooo oa 


DELAYED 
INDEXED 


Di' -■" 


/■2.I2 


OPA 


CIT-OPS+3^ 


c 


- 


000 00 


(OPA-OJ 


OS'ooco ooao 


A/.c. 


Divide (A) by OPilND'j^ . 


OPERAND 


£)i/ -0 


Oil^ 


OPRND 


CIT-CIS+3/ 


r^r 


- 


fis —^ Al-l-Xt. 


A 


0000000710 


OOCZii^lfS 


e 


- 


oooQooiooo 


c 


- 


Oo-i-fSb 


apK^JD,^,^ -> C 


OPRND 


d<?2.y<n 


M.c 



R S R-S-6 S 

NOTES: ( 1) Registers: P, I, and X imchanged. ^2) Scaling: (A) at 2 /(OPA) at 2 = (A) at 2 ; Remainder = (B) at 2 (scaled from B-^). (3) Correctness of qiotient 

depends on ratio between absolute magnitudes of dividend and divisor: 

(a) If (A) /(OPA) < 1, quot^^eiit/ is; correct as 'generated. 

(b) Overflow is indicated whenever (A)/(OPA) > 1. 

(c) , If 1 < (A)/(OPA) < 2, quotient as generated is missing its most significant bit. Correct quotient can be reconstructed in this case, however, by replacing the missing 

bit iii'A ■ a "1" if A is "0"; a "0" if Ag is "1". 

(d) If (A) /(OPA) > 2, quotient as generated is meaningless and cannot be reconstructed. 



DIVIDE 14 


EXECUTION /3 ;?3?y- 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Divide (A) by (OPA). 


NORMAL 


i?/V -N 


anz- 


OPA 


CIT-CIS+Z'i- 


% 


^.^,^ 




/? 


aaOffOOO 132 


OOOOOZ.T-I'ii. 


B 


- 


oocooooiac 


DELAYED 


D/Y -D 


II li- 


OPA 


CIT-OPS+ 2./ 


c 


- 


0007.90 


(OPA) 


ooaoooo2.fo 


N,C 


Divide (A) by (OPA-(I)). 


NORMAL 
INDEXED 


D/Y -NI 


ons 


OPA 


CIT-CIS+2_-2, 


Ybs 


8, c, D 


/Is -^ ^i7-/5" 


A 


oooooomo 


OOOOOOOOS'-L. 


R 


— 


OOOOfOOOOO 


DELAYED 
INDEXED 


0/f -°' 


nil 


OPA 


CIT-0PS+_2.( 


c 


- 


OOOOOO 


(oPA^iy 


OOO/YOOOOO 


A/C. 


Divid'e (A) by OPRND, , .. . 
lo-l 


OPERAND 


Ol¥ -° 


05 12. 


OPRND 


CIT~CIS+Z2- 


y^s 


- 




A 


oooooo o 131 


OOOa02.2./¥6 


8 


— 


OOOOOOOI 00 


c 


- 


oooT-fo 


OP^NO,^.^ —^ C 


OPRND 


oooxfo 


A/. a. 



NOTES: (i) Registers: D, I, and X unchanged. /( 2) Scaling: (A) at 2^ /(OPA) at 2^ = (A) at 2^'^'^^; Remainder = ( B) at 2^ (scaled from B^-,) . (3) Correctness of quotient 
depends on ratio between absolute magnitudes of dividend and divisor: 

(a) If (A) /(OPA) < 1, quotient is correct as generated. 

(b) Overflow is indicated whenever (A)/(OPA) > 1. 

( c) If 1 < (A)/(OPA) < 2, quotient as generated is missing its most significant bit. Correct quotient can be reconstructed in this case, however, by replacing the missing 

bit in A : a " t" if A„ is "0"; a "0" if A., is "1". 
i b b S 

( d) If (A) /(OPA) > 2, quotient as generated is meaningless and cannot be reconstructed. 



DIVIDE 7 


EXECUTION 
TIME— 


// 
WORD TIMES 


MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS j 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Divide (A) by (OPA). 


NORMAL 


07 -N 

D7 


00 IJL. 


OPA 


C1T-CIS+ IZ 


K^s 


B,C,D 




A 


QOOOOOaj22 


CooQoaa no 


B 


- 


ocooooai.00 


DELAYED 


7-0 


( IX 


OPA 


CIT-0PS+/2. 


Q. 


— 


(ipOXtC 


(OPA) 


ooooaao2-YO 


A/.C. 


Divide (A) by (OPA-(I)). 


NORMAL 
INDEXED 


PI -NI 

01 -1 


OOi 3 


OPA 


CIT-CIS+ /J 


Yes 


g'^.l> 


CA)/(ofiA-m) -^/?5, 7-f 
^e/^A't^cBii^ — ?■ ^ 


/) 


1 7777776 Y5' 


/777777^70 


3 


— 


/-!7f7774,Cia 


DELAYED 
INDEXED 


7 -°' 


1013 


OPA 


CIT-0PS+/2 


C 


— 


OOOXfO 


(OPA-<t)J 


00000002.^0 


Af.Q. 




OPERAND 


PI -0 


OflZ 


OPRND 


CIT-CIS+ ,'3 


l^s 


- 


(^)/<JP/if^O,i.f -> y^r -7-1 
^EMAIi^oei? -5*"0 


A 


OOOOOO o^^f 


Ooaooooox^ 


/? 


— 


0000001.000 


c 




OOZf^O 


(^fRi^Pn^i -> c 


OPRND 


<3<?2V0Z) 


^r.C 



R S R -^-20 S 

(1) Registers: D, I, and X unchanged. (2) Scaling (A) at 2 /(OPA) at 2 = (A) at 2 ; remainder = (B) at 2 scaled from B,-). (3) Correctness of quotient depends 

on ratio between absolute magnitudes of dividend and divisor: 

(a) If (A) /(OPA) < 1, quotient is correct as generated. 

(b) Overflow is indicated whenever (A)/(OPA) > 1. 

(c) If 1 < (A)/(OPA) < 2, quotient as generated is missing its most significant bit. Correct quotient can be reconstructed in this case, however, by replacing 



(d) If (A)/(OPA) > 2, quotient as generated is meaningless and cannot be reconstructed. 



SQUARE ROOT 


EXECUTION l4 ^I'ZS 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 

O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Take square root of (OPA) _. 


NORMAL 


r<?er -N 


Qoa^ 


OPA 


ClT-CIS+2.0 


A/o 


6,c,o 




^A -^0.,., 


A 


— 


Qoooy^oooo 


'Y/'rfiA\ 




e 


- 


OOQO coo Q 00 


DELAYED 


r<?(er -o 


IO.0(, 


OPA 


CIT-OPS+ /-J 


G 


— 


anoQo 


(OPA) 


00OOQ0O3fl 


A/C 


Take square root ot (OPA-(I))^ . 


NORMAL 
INDEXED 


5<?(er -Ni 


OQoy 


OPA 


ClT-CIS+2.0 


Aio 


?,fi) 


■ 


A 


— 


OTiiXloooo 


6 -^/r/v-z-^-^i-^-^^^/i-'V 


e 


— 


OOOOOSHlib 


DELAYED 
INDEXED 


STQiT -01 


1 007 


OPA 


CIT-0PS+|-7 


e 


— 


Oil'fS- 


(OPA^I)) 


(Sl/^ooacoo 


A/.C. 


Take square ro^i. ^^ ^r -xvinID, , ,. 


OPERAND 


sxinr -0 


OHOi 


OPRND 


CIT-CIS+2.6 


A/o 


- 




A 


- 


000 S'S'Ooooo 


^ 


— 


aoodoooiXf, 


c 


— 


ooois^- 


->/^s^-i 


'i-yf-r^o-j ^C/^-7 


OPRNO 


/7777^ 


A/.C. 



(1) Registers: D, I, and X unchanged. (2) Scaling: If (OPA) at w , then ~V(oPA) = (A) at 2 = (C) at 2 " (assuming C, scaled at 2 Remainder = (B) at 2 



SHIFT A LEFT ARITHMETIC 


EXECUTION 'S'EG (V o T E 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


REG. 


BEFORE 




OP 
CODE 


OPERAND 


AFTER 


Shift {A)2^_j left PPP places. 


NORMAL 


SLA -N 
S-L/\ 


oovz 


oil-PPP 


ciT-cis+'35' 


r^^ 


- 




A 


00/^300001 


02.^0000/00 




PPP - 00(, 


O'F 6 1^ 


DELAYED 


SL/{-D 


/6i2. 


O ll-PPP 


CIT-C/sy/V^ 



















NOTES: ( 1) Registers: C, D, I, and X unchanged; :^r "Shift A" instructions, B unchanged, (2) Maximum PPP = 034. (3) In normal mode, execution time = 28 word times, 

or 3724 microseconds; in delayed mode, execution time= PPP + 1 word times, or 133 (PPP + 1) microseconds. (4) In delayed mode, if PPP = 0, NIA = CIT-CIS + 2; 
execution time = 2 word times, or 266 microseqonds. (5) For le;£t arithmetic shifts, overflow is indicated if any bit shifted out of A- ^ A . 



SHIFT A RIGHT ARITHMETIC 


EXECUTION S'£E. A/or£ 

TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Shift (A)27_j right PPP places. 


NORMAL 


■SUA -N 
SRA 


OOH2. 


10 -PPP 


CIT-CIS+35 


Ho 


- 


(A) , — * PPP PLACED 


A 


0/2-ZoOO 1 77 


aoO/7-SOOOI 




PPPs: OOC 




DELAYED 


SKA -D 


1 OHi. 


O 10' PPP 


CIT - CIS*fW>*l 



















NOTES: (1) See "Shift A Left Arithmetic' 



SHIFT A LEFT 


LOGICAL 










EXECUTION 
TIME— 


^BS h/OT£. 

WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Shift (A) left PPP places. 


NORMAL 


S^f- -N 


00V2- 


OOT-PPP 


CIT-CIS+3S' 


H^ 


- 


/^) ^^ PPP PL/^ce-3 


A 


/ 2-3 f 5-000-7 7 


0^^000 7 700 




PPP- oc^ 




DELAYED 


ScL -D 


/Ci¥2- 


007-PPP 


cn-Ct5tPPPH 



















NOTES: (1) See "Shift A Left Arithmetic". 



SHIFT A RIGHT LOGICAL 


EXECUTION SEE. K/o~r£. 

TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


jnift \A) Ti%h.t 'F>Pi> places. 


NORMAL 


^RL -N 
SRL 


00V^. 


006-PPP 


CIT-ClS+3^ 


Ho 


- 


(J\^ ^.^^^ PPP PLACES 


/? 


/2.2.fS-0007y 


OatXi-YS'OOO 




PPP = 00& 




DELAYED 


S-^L -D 


/ay 2. 


OOb-PPP 


c\i~astP/f+[ 



















NOTES: (1) See "Shift A/Left Arithme.ticVV 



, SHIFT A LEFT LOGICAL CLOSED 


EXECUTION. S'EE- NOTE. 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Shift (A) left ena-around PPP places. 


NORMAL 


SLC 


ooti. 


OOS-PPP 


ciT-cis+'35' 


Wo 


- 


/^j ^Ji^L- pPP PLACES 


/^ 


OI-2.1000HSi- 


ICOotS60S< 




PPP= OH 




DELAYED 


5"t.C_D 


/dV2- 


OOS-PPP 


cvT-CiufTPH 



















NOTES: (1) See "Shift A Left Arithmetic". 



SHIFT AB LEFT ARITHMETIC 


EXECUTION -SHE A/OTtz 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


reg! 


BEFORE 


AFTER 


Shift (A)27_j and {'S.')^^_^ left PPP 
places. 


NORMAL 


S6'4 -N ■ 

saA 


OOi-2. 


QII'PPP 


ClT-CIS+35" 


Kh. 


- 


a ''J^^^ 8, 


A 


OOO00/2_3y5- 


a3/z3y-5"2.3v 


B 


/ 2.Z'^SOC-fy7 


/i'CQ 771000 


DELAYED 


SBA -0 


I0H2- 


OI7-PPP 


CIT-C/y-W-^f 




PPP' Cl{ 










I 



NOTES: See "Shift A Left Arithmetic' 



SHIFT AB LEFT ARIT HME T IC / L OGIC AL 


EXECUTION S £- £ Mo T E^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Shift (A) and (B) left PPP places. 


NORMAL 


•seL _N 


00 92. 


0/S-PPP 


CIT-CIS+3b~ 


i>5 




^'^ ?ifl^ /3,, 


A 


acooc /2.sy5" 


Cx^/zivrs-zc 


6 


ri-ZfSccoai 


O5'<ye>ootooo 


DELAYED 


S(<L. -D 


U\f2 


OtS-PPP 


f^^T-CfStfif^H 




PPP- oil 















NOTES: (1) See "Shift A Left Arithmetic'' 



SHIFT AB RIGHT ARIT HME T IC / LOGIC A L 


EXECUTION. ^£:£ A/'OT^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Shift ( A)2^_j and (B) right PPP places. 


NORMAL 


seR. -N 

see. 


OOiT. 


OI*t'PPP 


CIT-CIS+BS" 


Ho 


- 


(a) (b) ^^^^ PPP f''^^^'' 
As ' -^ ^^7 


A 


/ooooo/-3.Z'<f^ 


177 700000 1 


B 


017.%0007'n 


0Y70I-2.3000 


DELAYED 


sea -0 


lax. 


Otf-PPP 


CM -ClStPPPit 




PPP= OH 















NOTES: (1) See "Shift A L>eft Arithmetic' 



FLOAT SHIFT A 


LEFT 


ARITHMETIC 








EXECUTION 
TIME— 


2 8 

WORD TIMES 


MICROSECONDS 




OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


REG. 


BEFORE 


AFTER 


OP 
CODE 


OPERAND 


Shift W^-^^ left until A^^ J^ A^, 
and count number of shifts. 


NORMAL 


SrtA 


0--/fl. 


Oil-N'/^'l^ 


CIT-CIS+ 'Si" 


(V'o 


~ 




A 


30::^lVCci:c 


OHT OCO '00 


X 


C:.L 


.irf J 




















i-A; - ( * 









NOTES: (1) Registers: B, C, D, and I unchanged. (2) No shift if: (A) =0; or (A) ;t (A)^ 



FLOAT SHIFT A 


LEFT 


LOGICAL 








EXECUTION 
TIME— 


^9. 

WORD TIMES 


37/ y i 

MICRGSECONDS | 


OPERATION 


MODE 




iNSTftb"i::TlON 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 




REGISTER STATUS j 


S> MSOLIC 

OPERATION 

CODE 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Shift (A) left until A = 1, and count 
S 

number of shifts. 


NORMAL 


SFLL 


oif2. 


OOT-A'/V/V 


CIT-C1S+ 35" 


f^O 


— 




A 


OOlOOOC>Ci OO 


/ OClOO OOC 


X 


OdO 


J7i 

























NOTES: (1) Registers: B, C, D, and I unchanged. (2) No shift if: (A) =1; or (A) = 0. 



FLOAT SHIFT A 


LEFT 


LOGICAL CLOSED 






EXECUTION 
TIME— 


Z9 
WORD TIMES 


3 7 2.Y 

MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS | 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Shift (A) I'eft end-around until A = 1 
and count number of shifts. 


NORMAL 


SpL^ 


CHii. 


OOi~A.'A'A 


C1T-CIS+ 25^ 


K/o 


- 


.(*) -(SHIFTS) -t K 


A 


0002.1/oo«c> 


/UOooo ooo 


X 


007 


311 

























NOTES; (1) Registers: B, C. D, and I unchanged, (2) No shift if: (A) = 1; or (A) = 0. 



FLOAT SHIFT AB LEFT ARITHMETIC 


EXECUTION ^S ll'i-'i 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Shift (A) and (B) left until 
A-_ # A , and count number of shifts. 


NORMAL 


5T/3/1 


0-tfz_ 


on-i^'^f^ 


CIT-CIS+3S" 


A/o 


- 


00 -(S^HlPTi) — > < 


A 


OO0Z3f<-^CO0 


CiTQOQQ (Tf 


8 


i li. 6co oooo 


1 OC o<ro600c 












X 


ois- 


00(:, 









NOTES: (1) Registers: C, D, and I unchanged. (2) No shift if: (A) =0; or (A) ^ (A), 



FLOAT SHIFT AB 


LEFT ARITHMETIC/ LOGICAL 




EXECUTION 
TIME— 


WORD TIMES 


3 72 V 

MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS 


CODE^ OPERAND 


REG. 


BEFORE 


AFTER 


Shift {A)^.^ J and (B) left 

until A ^ A , and count numbers 
27 S 

of shifts 


NORMAL 


s pec 


OfVZ 


O/S'-f^'^i^ 


CIT-CIS+ i S" 


^O 


- 




A 


GOCi-l^ Cvc-^O C moooOl 7(, 


6 


1 76 ceooocc^ vooococco(^ 












K 


C i 5" OOk 


it) '(iHir- Ti) -f* X 







>= (1) Registers C, D, and 1 u.nchanged. (2) No shift if: (A) . _ = 0; or (A) jt (A)^ 



JUMP UNCONDITIONALLY 


EXECUTION Ops -CIS /33 (op^-cis) 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers: Nq, change. 


OP 
CODE 


OPERAND 
ADDRESS 


Jump to OPA. 


NORMAL 


JUW -N 
viC/W 


OOOO 


OPA 


OPA 


Jump to OPA-(I). 


NORMAL 
INDEXED 




oaoi 


OPA 


O M-(:[) 


Jump to address shown in 
C register. 


OPERAND 


J(/W -0 


a^ao 


OPA 


^rrr-s-sT 







JUMP A ZERO 


EXECUTION 
TIME— 


WORD TIMES 


2 £^ 

MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers: tjlo change. 






OP 
CODE 


OPERAND 
ADDRESS 


If (A) = 0, jump to OPA. 


NORMAL 


JZE-N 


OOfi 


OPA 


CIT-CIS+2 


OPA 


If (A) =0, jump to OPA -(I). 


NORMAL 
INDEXED 


JZ^-Nl 


covs- 


OPA 


(F(A) ^0, 

CIT-CIS+2 


IF CA) -O^ 


If (A) = 0, jump to address shown 
in C register. 


OPERAND 


dZtS-o 


c^'/yy 


OPA 


/F iA ) / O, 

CIT-ClS+2 


/F J/i) - 6, 







JUMP A NEGATIVE 


EXECUTION 
TIME— 


WORD TIMES 


:2 6^ 

MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers: No change. 


OP 
CODE 


OPERAND 
ADDRESS 


If (A) < 0, jump' to OPA. 


NORMAL 


J(^ -N 


OOS'O 


OPA 


/FCA) > O^ 
CIT-CIS+2 




If (A) < 0, jump to OPA- (I), 


NORMAL 
INDEXED 


^y^/fi -NI 
j/ua -1 


oos-i 


OPA 


//= C/i) >0, 

CIT-CIS+2 


OPA - C^) 


If (A) < 0, jump to address shown 
in C register. 


OPERAND 


JA/G -0 


OVi-cJ 


OPA 


IP (A) > O, 

CIT-CIS+2 





JUMP A LOW BIT 


EXECUTION 
TIME— 


WORD TIMES 


MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers: No change. 


OP 
CODE 


OPERAND 
ADDRESS 


If (A), = 1, jump to OPA. 


NORMAL 


JLg -N 


/6<!0 


OPA 


ClT-CIS+2 


C PA 


If (A) J = 1, jump to OPA- (I). 


NORMAL 
INDEXED 


JLH -i 


1 00 1 


OPA 


CiT-CtS+2 


c) PA-cr) 


If (A). = 1, jump to address shown 
in! C register. 


OPERAND 


JL(? -0 


Ii66 


OPA 


/FiA), =c7, 

CIT-CIS+2 


/F (/)), r 1^ 

^ Trx- i,'^^ 



JUMP INDEX 


EXECUTION 
TIME— 


2_ 

WORD TIMES 


MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: ('!) Registers: No change. 


OP 
CODE 


OPERAND 
ADDRESS 


If (I) ^ 0, jump to OPA. 


NORMAL 


s)/W -N 


aoif 


OPA 


/F CT) = £7, 

CIT-CIS+2 


/F c:C) p o 
O PA 


H (I) ^ 0, jump to OPA-(I). 


NORMAL 
INDEXED 


J/»J -NI 


aa/r 


OPA 


f/= (TJ =0. 

ClT-CIS+2 




If (I) t- 0, jump to address shown 
i;i C register. 


OPERAND 


JiN -0 


6Hii 


OPA 


CIT-CIS+2 


^ rrr-ysy 



JUMP OVERFLOW 


EXECUTION "Z. 
TIME— WORD TIMES 


MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: ^jj Registers: No change. 

(2) Overflow indicator turned dff on jump. 


OP 
CODE 


OPERAND 
ADDRESS 


If overflow indicator is on, jump 
to OPA. 


NORMAL 


gor-N 
syop 


easy 


OPA 


/F O'F opr, 

CIT-ClS+2 


IF O'F Qt^i 
OPA 


If overflow indicator is on, jump 
to OPA- (I). 


NORMAL 
INDEXED 




CGSS- 


OPA 


IF a'F OFF 

CIT-CIS+2 


/F O'F- CA/ 

OPA -a? 


If overflow indicator is on, jump 
to address shown in C register. 


OPERAND 


JOP-0 


oyi-y 


OPA 


/F d 'F <f^F^ 
CIT-CIS+2 


IF OF <7A/^ 

^TTT- J rr 



JUMP PARITY ERROR 


EXECUTION ;2 
TIME— WORD TIMES 


2 66 

MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers: No change. 

(2) Parity error indicator turned off on jump. 


OP 
CODE 


OPERAND 
ADDRESS 


If parity error indicator is On, 
jump to OPA. 


NORMAL 


JP£-N 

JP6 


06IQ 


OPA 


CIT-CIS+2 


a PA 


If parity error indicator is on, 
jump to OPA-(I). 


NORMAL 
INDEXED 


J PE -Nl 


0011 


OPA 


/F A/0 /°.c 

CIT-CIS, 2 


OPA- CT) 


If parity error indicator is on, 
jump to address shown in C registe 


OPERAND 


JP£-o 


OY/c 


OPA 


/F /wo /o B., 

CIT-CIS+2 


^TTT-SSS 



STOP --JUMP RESUME 




OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers: No change. 


OP 
CODE 


OPERAND 
ADDRESS 


Stop. When RESUME button is 
pressed, jump to OPA. 


NORMAL 


STP -N 
5TP 


OOYG 


OPA 


OPA 


Stop. When RESUME button is 
pressed, jump to OPA-(I). 


NORMAL 
INDEXED 


STP -Nt 

STP -1 


OoHi 


OPA 


■ 


Stop. When RESUME button is 
pressed, jump to address, shown 
in C register. 


OPERAND 


STt- -0 


oi'/o 


OPA 


^T-rr-sss 







JUMP RECORD ADDRESS 



EXECUTION 
TIME- 



MICROSECONDS 



OPERATION 



Jfe- entry adafegj^S^T^n "O" 
^&e"ctotOT*f»^^^^ss track, and 
junap to Q'^J^ »«^ 



Store re-entry^ ofS 
3ctot of fastraP^ess IfrSeii, 4nd 




MODE 



NORMAL 
INDEXED 



SYMBOLIC 

OPERATION 

CODE 



xjRAO -N 



J/240 -Ni 
Jf/K3 -I 



OP 
CODE 



OPERAND 
ADDRESS 



o-zs-(> 



6-2-S-j 



NEXT 

INSTRUCTION 

ADDRESS 



OPA 



OPA-(T) 



NOTES: (1) Registers: No change. (2) Re-entry address -- CIT-CIS + 2 -- is automat- 
ically stored in one of the fast-access tracks; track and sector selected is determined 
automatically by sector in which current instruction appears. Jump can be made into 



any sector of any track, Hut- ^i^^.t^pr:W.fppf-„ i-ipr-timi 
naachinO"gunnMtg»ifcija aa» /?-■./>,.''-); '- 

If CIS is CIT-CIS+2 stored in 



177-036 
037-076 
077-136 
137-176 



060-040 
061-100 
062-140 
063-000 



.there is an optimum _^ector for 



Optimum jump sector 

041 
101 
141 
001 



(3) Note that operation code stored with re-entry address is 0000; thus the instruction 
stored is an unconditional jump. 



JUMP RECORD ADDRESS 1 



EXECUTION 
TIME- 



WORD TIMES 



MICROSECONDS 



OPERATION 



Store ,re-ent%^ address^,,!***' 1" 
sector of f^st-a6<{es«' track, ^nd 
jump to OPA. ' ^ 




Store re-entty addre^^Sfl^l' 
sector- of fas|-ac^9*strackr and 
jump to OPAs 



NORMAL 
INDEXED 



SYMBOLIC 

OPERATION 

CODE 






Jk/^X -I 



OP 
CODE 



OPERAND 
ADDRESS 



3t6 



035-7 



NEXT 

INSTRUCTION 

ADDRESS 



OFA 



OFA-p:) 



NOTES: (!)■ Registers: No change. (2) Re-entry address -- CIT-CIS+2 --is automat- 
ically stored in one of the fast access tracks; track and sector selected is determined 
automatically by sector in which current instruction appears. Jump can be made into 
any sector of any track, but for each fast-access track there is an optimum sector for 
machine running time. 



If CIS is 

177-036 
037-076 
077-136 
137-176 



CIT-CIS+2 stored in 

060-041 
061-101 
062-141 
063-001 



Optinaum jump sector 

042 
102 
142 
002 



(3) Note that operation code stored with re-entry address is 0000; thus the instruction 
stored is an unconditional jump. 



JUMP RECORD 


ADDRESS C 








EXECUTION . ^"T?"/**?* -CTT^''^*'?* /3M0^^^^' 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers.' No change. 

(2) f^ote that operation code for an instruction stored in C register 
(in which operation code bits are missing) is read as 0000; thus 
the instruction stored is an unconditional jump. ' 


OP 
CODE 


OPERAND 
ADDRESS 


Store re-entry address in C regis 
ter, and jump to OPA. 




NORMAL 


J^.4C-N 


OOb'6 


OPA 


OPA 


Store re-entry address in C 
register, and jump to (OPA-(I)). 


NORMAL 
INDEXED 


Ji?AC -Nl 
JRA<i -1 


00 b / 


OPA 


OPA'Ct) 







BLOCK TRANSFER 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDJtESr--^ 


CAN 
O'F? 


NOTES: (1) Registers: B, C, D, I, and X unchanged. (2) The D register may be 
addressed toy this comnnand. (3) This instruction transfers the contents of sectors of 
the OPT (operand track of the OPA, or, if indexed, of OPA-(I)) with corresponding sectors 
plus one of CxxT f.^^^ track designated by the track field of the C register). Thus, 
OPT-OPS (or OPA, or OPA-(I)) is transferred to CtTT-OPS+1. OPT-OPS+2 is transferred 
to C^^^_Qpg^2 ^® transferred to C^^^_^^^^y and so on. Since transferring is by 

alternate sectors, two drum revolutions are required for transfer of an entire track. 
Also, two instructions are required to transfer a group of consecutive sectors less than 
128. (4) Block transfer starting address is OPA (or OPA-(I). The stopping address 
is on the track designated in the C register, at the sector equal to the sum of OPS and 
Ccog (addition is carried out modulo 200g). A full track is transferred if CssS equals 
zero. 


OP 
CODE 


OPERAND 


Transfer information to specified 
track. 


NORMAL 


gr 


OOTi 


OPA 


y^lT-CIS+:L/ "''' 


i 


DELAYED 


8t -d 


lOJi- . 


OPA / 


C^-0^/ 


Transfer information to specified 
track. 


NORMAL 
INDEXED 


Et -ni 


0015- 


OPA \ 


c!t|/is+2_ 


'hJo 


DELAYED 
INDEXED 


gir -Di 


1 ois- 


OPA 


^^/ 

















^Jf 



SCAN T A B L E -e-ft*^'^*: R THAN 



OPERATION 



Scan for masked bits on OPT geeafee 
than reference bits. 



SYMBOLIC 

OPERATION 

CODE 



5^0 WG, 



OP 
CODE 



OPERAND 
ADDRESS 



OiGZ 



NEXT 

INSTRUCTION 

ADDRESS 



Cir-coo 






-^4^ 



'"^'X 



SCAN. TABLE LJ&S^ THAN 



OPERATION 



Scan for nnasked bits on OPT • 
than reference bits. 



cd^ 



SYMBOLIC 
OPERATION 
CODE . 



SCAJL. 



INSTRUCTION 



OP 
CODE 



OPERAND 
ADDRESS 



OZ62. 



NEXT 

INSTRUCTION 

ADDRESS 



C / r- ooo 



c/ r-<oo\ 



SCAN TABLE EQUAL 



OPERATION 



Scan for masked bits on OPT equal 
to reference bits. 



MODE 



SYMBOLIC 

OPERATION 

CODE 



J C A, t 



INSTRUCTION 



OP 
CODE 



OPERAND 
ADDRESS 



C06Z. 



NEXT 

INSTRUCTION 

ADDRESS 



Ctr-ooo 



3 uccEs^ Foe , 
C /T-00( 



SCAN TABLE NOT EQUAL 



h- 



OPERATION 



Scan for masked bits on OPT not 
equal to reference bits. 



SYMBOLIC 

OPERATION 

CODE 



5c^<^/ 



OP 
CODE 



OPERAND 
ADDRESS 



O 36Z i ° 



NEXT 

INSTRUCTION 

ADDRESS 



(JA/StyCCezrFCi 
CI T- OOO 



ctr-ooi 



NOTES: (1) Registers: B, C, D, and I unchanged. (2) The D register may be 

addressed by this command. (3) These instructions compare the contents of sectors 

of the OPT (operand track of the OPA) with corresponding sectors plus one of C (the 

track designated by the track field of the C register). Thus, OPT-OPS (or OPaJ T^ 
compared with C^^^_Qpg^j, OPT-OPS+2 is compared with C^^^^pg^^, and so on. 

Since comparison is by alternate sectors, two drum revolutions are required for com- 
parison of an entire track. Also, two instructions are required to compare a group of 
consecutive sectors less than 128. (4) The contents of the B register are used 

as a mask. Only those bit positions are compared in which there is a 1 -bit in the corre- 
sponding bit position in B. All bits will be compared if B contains 1777777777. (5) Scan 
starting address is OPA. The stopping address, for an "unsuccessful" scan, is on the 
track designated in the C register, at the sector equal to the sum of OPS and C 

SSS 
(addition is carried out modulo 200g). A full track is compared if Cggg equals zero. 

(6) Scan starts at starting address and continues until: (a) an "unsuccessful" scan is 
connpleted, i.e., the stopping address is reached without finding the condition scanned for; 
or (b) a "successful" scan is completed, i.e., the condition scanned for is found. 

(7) At the end of an "unsuccessful" scan, the A register contains the contents of the 
stopping sector on the track designated in the C register. NIA of an "unsuccessful" scan 
is CIT-000. (8) At the end of a "successful" scan, the A register contains the content 
of the last compared sector on the track designated in the C register; the X register 
contains the address of the last compared sector. NIA of a "successful" scan is CIT-001 



SCAN ANALOG 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 




OP 
CODE 


OPERAND 
ADDRESS 


Scan analog inputs for hi-low limits. 


NORMAL 


SCA//? 


ofi-^ 


OPA 


C/r-ooo 


QIT-OOI 



NOTES: ( 1) Registers: B, C, D, I, and X unchanged. (2) The B or D registers may be addressed by this command. (3) This instruction compares the contents of sectors 

of the OPT (operand track of the OPA) with corresponding sectors plus one of C^TT ('•^^ track designated by the track field of the C register) , Thus, OPT-OPS (or OPA) is 
compared with Cjr|,r|i_Qpg^.j, OPT-OPS+2 is compared with CxxT-OPS+S' ^"^^ ®° ""^^ Since comparison is by alternate sectors, two drum revolutions are required for com- 
parison of an entire track. Also, two instructions are required to compare a group of consecutive sectors less than 128, (4) When analog signals are converted to digital 
form and recorded on the drum, the binary data is written twice in the appropriate analog input sector, first in bits 1 through 10, then again in bits 15 through 24. In the 
corresponding reference sec,%r, the upper and lower limits of this analog input value are written in corresponding bit positions; a 1-bit in bit position 14 or 28 specifies that 
half of the Veference word is the lower limit, while a 0-bit in 14 or 28 specifies that half as the upper limit. In the example shown here. Input Lower Limit Reference, and 

Input Upper Limit Reference is an "unsuccessful" scan, which means the input is within limits. 
(5) Scan starting address is OPA. The stopping address, for an "unsuccessful" scan, is on the 
track designated in the C register, at the sector equal to the sum of OPS and CgsS (addition is 
carried out modulo 200g). A full track is compared if CSSS equals zero. (6) Scan^'starts at 

starting address and continues until: (a) an "unsuccessful" scan is completed, i.e., the stopping 
address is reached without finding an input that has exceeded limits; or (b) a "successful" scan 
is completed, i.e., an input outside limits has been found. (7) At the end of an "unsuccessful" 

scan, the A register contains the contents of the stopping sector on the track designated in the 
C register. NIA of an "unsuccessful" scan is CIT-000. (8) At the end of a "successful" scan, 

the A register contains the contents of the last compared sector on the track designated in the 
C register; A28 specifies whether "successful" comparison was made on lower or upper half of 
word, with a 1-bit in A, indicating upper half. NIA of a "successful" scan is CIT-001. 





C o n ve 
^ J 


-ted Analog 


Input 




_ ' 




;2a'27'25 25'24;23:22:21 20 

! i \ \ ji ;i 'oio^o 


19'1S'17'16 15 

OJOil^OiO 


1413 12iu;io' 9 : 8 

i ! 1 ii ii !o 


7 16^54 

OjO 


3 ! 2 ^ 1 

Too 








;2S'27'26 23 :>A ^t-22 ^\' 2.^ 

; i ; ' : 1 ; 1 1 1 


19 18 IT-^lSl'i 

O|l,o;o,0 


1.51312 U 10^ 9 8 
li ! ! 1 
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0:1:6 


3:2 1 ; 
0,0 0; 











Input 
Sector 



Reference 
Sector 



Upper Limit 



Lower Limit 



SCAN DIGITAL 


INPUT 










OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 




OP 
CODE 


OPERAND 
ADDRESS 


Scan digital input group bits for 
inequality with reference bits. 


NORMAL 


3CND 


/062L 


OPA 


OAJSOCCESSPOU, 


^uccSssFtUr , 

c ir-oQi 



(1) Registers: C, D, and I unchanged, (2) The D register may be addressed by this command. (3) This instruction compares the contents of digital input groups 

(up to 28 input lines per group) with reference sectors of C-prprj, (the track designated by the track field of the C register). Digital input groups are taken successively, starting 
with that group having the same group number as OPT (operand track address of the OPA); the sectors of C^j^j't are alternate sectors starting with OPS+1 (where OPS is the 
sector address of the OPA). Thus, digital input group OPT is compared with Cp'j'j'.Qpg^.i, digital input group OPT+1 is compared with C'pTT-OPS+3' ^'^'^ ^° °"' 
(4) Scan starting address is digital input group OPT. The stopping address, for an "unsuccessful" scan, is on the track designated in the C register, at the sector equal to 
the sum of OPS and C„_„ (addition is carried out modulo 200g). (5) Scan starts at starting address and continues until: (a) an "unsuccessful" scan is completed, i.e., 

an inequality is found. (6) At the end of an "unsuccessful" scan, the A register contains the contents of the stopping sector on the track designated in the C register. 

NIA of an "unsuccessful" scan is CIT-000. (7) At the end of a "successful" scan, the A register contains the contents of the last compared sector on the track desig- 

nated in the C register; the X register contains the address of the last compared sector; the B register contains 1-bits in those bit positions where the compared digital 
inputs and the bits in the comparing sector are not equal. NIA of a "successful" scan is CIT-001. 



INHIBIT INTERRUPT ON 


EXECUTION 2- 2. ^ (< 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


CAN 
O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS j 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Turn on inter rupfe-inhi bit flip-flop. 


NORMAL 


JdW 


Oloo 


OPA 


OPA 


1^0 


' 


Set "Interrupt Inhibit" 
flip-flop on— preventing 
interrupts—and junnp to OPA. 






/^ 




/\ 


/ 














;\' 


U- 






(OPA) 







INHIBIT INTERRUPT OFF 


EXECUTION 2- 2~ (i(, 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


aN 

O'F? 


ADDRESSABLE 
REG'S. 


EFFECT OF OPERATION 


REGISTER STATUS j 


OP 
CODE 


OPERAND 


REG. 


BEFORE 


AFTER 


Turn off interrupt- inhibit flip-flop. 


NORMAL 


lOF 


OZOO 


OPA 


OPA 


h 


- 


Set "Interrupt-Inhibit" 
flip-flop off — enabling 
interrupts — and jump to 












\ 




r' 
















\ 




( 




.... 


(6PA) 


1 N' 


V y , 



SET ANALOG SEQUENCE execution 2. 2-^C 

TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers: No Change. (2) This command resets sequence counter to sector 
NNN \which directs the analog input system to interrupt its reading sequence and begin reading 
analog inputs according to control track locations 064-NNN, 064-NNN+2, etc. (where track 
064 is the analog input control track). 


OP 
CODE 


OPERAND 


Reset sequence counter. 


NORMAL 


3-4 S -N 
SAs 


coy 2. 


032.-AWA/ 


CIT-C1S+.2. 


DELAYED 


SA^ -D 


lOfz. 


(P-i^-^hiH 


C1T-0PS+ 1 



ACTIVATE CONTROL SIGNAL 


EXECUTION 
TIME— 


z 

WORD TIMES 


■2. ^6 

MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: 


(1) Registers: 


No Change. 






OP 
CODE 


OPERAND 


Emit a 130-microsecond pulse. 


NORMAL 




CO y 2- 


Oin-fij^t^ 


CIT-CIS+ 2. 


DELAYED 


.fCi -D 


/OYl 


OZJ.-CTS 


CIT-OPS+ 1 







DIGITAL INPUT 



FLEXOWRITER 



OPERATION 



Read in one tape franne 
from Flexowriter. 



SYMBOLIC 

OPERATION 

CODE 



PiF -N 
biF 



t>lF -D 



0/F-O 



OP 
CODE 



OPERAND 



005'2. 



IQS-2. 



Of 3-2. 



OOO-MTW 



OOO-OPS 



OOO -A/WiV 



NEXT 

INSTRUCTION 

ADDRESS 



C1T-CIS+ 2- 



CIT-OPS+ / 



CIT-CIS+2. 



EXECUTION 
TIME— 



WORD TIMES 



MICROSECONDS 



NOTES: (1) Registers: B, C, D, I, and X unchanged, (2) Each tape frame contains six 

bits, or channels, of information. Channels containing punches are read as 1-bits. No-punch 
is read as a 0-bit. (3) Tape frame reads into A,_.. In Normal and Delayed, O's read into 

erand, unused bits of A recirculate. (4) Flex punch and p 



unused bits of A; in Operand 
be off during DIF command 



print must 



DIGITAL INPUT: T OGGLE S WIT C HE S 


EXECUTION 2- "Z ^£ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers: B, D, I, and X unchanged. (2) Toggles in the "up" position are 
read as 1-bits. (3) Toggle switches T18-T1 read into A „_ . In Normal and Delayed, O's 
read into unused bits of A; in Operand, unused bits of A recirculate. 


OP 
CODE 


OPERAND 


Read in toggle switch settings 
from computer control panel. 


NORMAL 


P/r-N 

DIT 


00 bZ 


OOl-NNH 


CIT-C1S+-2. 


DELAYED 


DIT -D 


IO£z. 


Ool-ops 


ciT-aps+ / 


OPERAND 


Pir-o 


Ois-2. 


OCl-Nf^N 


CIT-C1S+ 2- 







DIGITAL INPUT: TELETYPE READER 


EXECUTION 2 2. ^ 4 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers: B, C, D, I, and X unchanged. (2) 5-bit teletype reader character 
reads into A_ . . In Normal and Delayed, O's read into unused bits of A; in Operand, unused bits 
of A recirculate. 


OP 
CODE 


OPERAND 


Read in one character 
from teletype reader. 


NORMAL 


D/X. -N 


OGS-i^ 


OOZ.-A/A/AI 


CIT-CIS+ 2- 


DELAYED 


D/X -D 


IOS-2 


OOZ'OF'S 


CIT-OPS+ / 


OPERAND 


0/X -0 


c/srz. 


oezrNfJu 


CIT_CI5+ 2_ 







DIGITAL INPUT: HIGH-SPEED TAPE READER 


EXECUTION 2. "2 4 ^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers: B, C, D, I, and X unchanged. (2) Each tape frame contains 
six bits, or channels, of information. Channels containing punches are read as 1-bits. 
No-punch is read as a 0-bit. (3) 6-bit tape frame reads into A, . . In Normal and 
Delayed, O's read into unused bits of A; in Operand, unused bits of A recirculate. 


OP 
CODE 


OPERAND 


Read in one tape frame from 
high-speed tape reader. 


NORMAL 


OlR. -N 
D-tK 


COS 2. 


O03 -/VA/A/ 


CIT-CIS+_2 


DELAYED 


OiR -D 


1 6 5 i. 


Q03-OfS 


C1T_0PS+/ 


OPERAND 


Old -0 


c'-ii-J- 


aos-fJ^u 


CIT-CIS+ 2. 




" 



DIGITAL INPUT 



CONSOLE SWITCHES 



EXECUTION 
TIME— 



2. 
WORD TIMES 



MICROSECONDS 



OPERATION 



Read in console switch positions. 



MODE 



SYMBOLIC 

OPERATION 

CODE 






/)/5 -D 



If IS -0 



OP 
CODE 



oos-z 



lOSz. 



OfS-T. 



009'NNU 



OOf-oPS 



OO'f-NNM 



NEXT 

INSTRUCTION 

ADDRESS 



ClT-cis+2, 



CIT-OPS+ / 



CIT-CIS+ 2. 



NOTES: (1) Registers: B, C, D, I, and X unchanged. (2) These switches are the 

seven one-bit selector switches, S1-S7, and the two octal function select switches, Sil 
and S12, used to reference the function matrix. (3) Switch S12 reads into A. , . , , 

Sli into AjQ_g, and S7-S1 into Ay_j. In Normal and Delayed, O's enter Ag 27-14' ^^ 



28 


27 


26 25J24l23|22 


! ' ■ 

21 20 19U8 


17 16 


15 


14 13 


12 11 


10 9 8 


7 Is 


s 


1 

4 3 


2 1 








1 
1 


1 


i 










i 


! 




















S12 


Sli 




S7 


-SI 





DIGITAL INPUT: 


DIGITRAN 


SWITCHES 






EXECUTION 2. CL4G 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: 

(1) Registers: B, C, D, I, and X unchanged. 

(2) BCD information from digitran switches S26-S21 is read into A . . In Normal 
and Delayed, O's enter the unused bits of A; in Operand mode, the unused bits of 
A recirculate. 


OP 
CODE 


OPERAND 


Read in BCD infornaation from six 
digitran switches. 


NORMAL 


DiD -N 
PlO 


oos-i. 


QO^'IHNN 


CIT-CIS+2_ 


DELAYED 


DlO -° 


lOiTi. 


00&-OPS 


CIT-OPS+ / 


OPERAND 


PlO -0 


O'fSl, 


00&-NHN 


CIT-CIS+2- 












^27 

n 


26125 


24J23'22;21 

i i ! 


201948117 

i 1 i 


16;15il4|l3 

i i ! 


i2;irio! 9 

1 \ \ 


8i7i6|5|4;3!2|l 






^26 


1" 


J24 


^3 


^2 ^21 



DIGITAL INPUT: 


DIGITRAN 


SWITCHES 






EXECUTION ^ 2^^^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers: B, C, D, 1, and X unchanged. (2) Switches S36-S31 are BCD 
switches. In reading into the A register, however, the X8 bit of each switch is read in 
separately from the X4, X2, and XI bits. The latter three bits are read into A as octal 
numbers. (3) The X8 bits of S36-S31 read into A ; the X4-X2-X1 bits are read 
in octally as follows: S36 into A , , S35 into A ", S34 into A , S33 into A , 

S32 into A, ^, and S31 into A, , . In Normal and Delayed, O's enter the unused bits of 
6-4 3-1 

A; in Operand, the unused bits of A recirculate. 


OP 
CODE 


OPERAND 


Read in split BCD information from 
digitran switches. 


NORMAL 


PlO -N 
PlO 


0052. 1 OOr-NfJN 


CIT-CIS+2. 


DELAYED 


P/0 -D 


10.5-2. \ooS--OPS 


CIT-OPS+ / 


OPERAND 


DfO -0 


0^S'2.\ QOF-NiiH 


ciT-eis+ 2_ 




















28 


27 
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22 


21 20U9|18!l7 
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13|l2 11 10 9 


8 


7 6 5J4 j3 


2 1 
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%l%°' ' S36 ' S35 ' S34 ' S33 ' S32 ' S31 





DIGITAL INPUT 



DIGITAL CLOCK 



EXECUTION 
TIME-^ 



WORD TIMES 



Z^6 

MICROSECONDS 



OPERATION 



Read in BCD information from 
digital clock. 



SYMBOLIC 

OPERATION 

CODE 



PK -N 

PIC 



Die -0 



Did -0 



OP 
CODE 



OPERAND 



OOS'Z 



lOSi- 



09 Sz. 



OOV'NHH 



007- OPS 



007 -NNN 



NEXT 

INSTRUCTION 

ADDRESS 



CIT-C1S+ 2- 



CIT-OPS+ / 



CIT-CIS+ 2_ 



NOTES: (1) Registers: B, C, D, I, and X unchanged. (2) Clock records in Navy 

time notation: 0000-2359. It can read in hours/minutes or hours/minutes/seconds. 
(3) BCD information from clock is read into A,- . (hours /minutes clock) or into A-^ ^ 
(hours Aminutes/ seconds clock). In Normal and Delayed, O's enter unused bits of A; in 
Operand, unused bits of A recirculate. 



27 26 25 24 23 22 21 



xlO xl 

Hours 



Hours 
xlO xi 



XT 



Minutes 
xlO xl 



xiO xl 

Seconds 



DIGITAL INPUT 



GROUP INPUTS 



EXECUTION 
TK/n— 



OPERATION 



Read in selected digital input group. 



SYMBOLIC 

OPERATION 

CODE 



i"5,'A' -N 
PlfyJ 



OlA/ -0 



INSTRUCTION 



OP 
CODE 



C0.->-2. 



/c'-52- 



C/o 'K'nu 



010 -OPS 



NEXT 

INSTRUCTION 

ADDRESS 



C1T-0PS+ / 



NOTES! (1) Registers: B, C, D, I, and X unchanged. (2) Operand track addrenres from 

010 up designate specific groups of 28 digital input lines. The numbers and functions of those 
inputs are determined by the particular installation. (3) The 28-bit group reads into the 

A register. 



DIGITAL OUTPUT: FLEXOWRITER 



OPERATION 



Output one frame to Flexowriter. 



SYMBOLIC 

OPERATION 

CODE 



Oc'T-N 



ovr -D 



OP 
CODE 



OPERAND 



CCiG 



/CVi. 



"ioc 'f^'i^f^' 



cac- cP^ 



I EXECUTION 
I TIME-- 



WCCTj TlMf 5 



2.<<6: 



NEXT 

INSTRUCTION 

ADDRESS 



CIT-CIS+ 2- 



CIT-OPS+ / 



NOTES: (1) Registers: No Change. (2) Output to Flex printer or punch from (A), .. 

(3) An automatic 1 lO-millisecond delay occurs between successive OUF commands. 



___..,, ,„ ... , 

DIGITAL OUTPUT: OUTPUT BUFFER 1 ' mp-^" w^Htm^^ i^JlNo^ 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


\ 


OP 
CODE 


OPERAND 


NOTES: (1) Registers: No Change. (2) This command directs the digital output buffer to 
begin reading out from consecutive sectors beginning at rector OPS. (3) The output device 


Start digital output buffer. 


NORMAL 


Co 6 -N 


(X vc 


ooi-ces 


CIT-C!Sf 2_ 


itself must previously have been selected by an OUSN command; if not, the buffer will attempt 
an output. (4) After the OUB command has been given, the computer is free to continue 
executing its program. (5) Characters in the buffer track are contained in bits 24 through 1. 


DELAYED 


Ou6 -D 


loic 


OQi'QPi, 


CIT-OPS+ ^ 


(6) Output buffer information is decoded as either four 6-bit characters or six 4-bit characters, 
depending on the output device selected. (Flexowriter and IBM logging typewriter are 6-bit 
character devices.) (7) Words are unpacked and read out from high-order bits first. 
(8) A full or partial track can be read out; the end-of-message is flagged for the output buffer 
by setting a 1-bit in the sign position of the final message word. (9) More than one of the 
same type of output device may be read to sinaultaneously. 















DIGITAL OUTPUT: SINGLE-BIT OUTPUTS ON j execution 2. ^.64 \ 

\ TIME— WORD TIMES MICROSECONDS \ 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES; (1) Registers: No Change. (2) Simultaneously, each 1-bit in A turns on selected 
device(s): A,, Flex motor; A,, Flex punch; A., Flex printer; A., Select Flex for OUB; etc. 


OP 
CODE 


OPERAND 


Turn on designated devices. 


NORMAL 




C'i "■/(, \ OCX f^f^f^ 


CIT-CIS+ '2_ 


DELAYED 


ftSN-D 


IZIC \ OCl-CfS 


CIT-0P5+ 1 



DIGITAL OUTPUT: SINGLE-BIT OUTPUTS OFF 


EXECUTION 2. 2. ^ ^ 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers: No Change. (2) Simultaneously, each 1 -bit in A turns off 
designated device(s): A , Flex motor; A Flex punch; A,, Flex print; A,, Select Flex 
for OUB; etc. 


OP 
CODE 


OPERAND 


Turn off designated devices. 


NORMAL 


a USF -N 
OuSF 


00y^6 


00^-NHH 


CIT-CIS+'2. 


DELAYED 


OOSF-D 


/OH 


002.-OPS 


CIT-OPS+ / 







DIGITAL OUTPUT: HIGH-SPEED TAPE PUNCH execution 2- 2-4^ 

TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers: No Change. (2) 6-channel frame directed to high-speed punch 
from(A)^_^. 


OP 
CODE 


OPERAND 


Output one frame to 
high-speed punch. 


NORMAL 


OuP -N 


00 HC 


003-1^(^1^ 


CIT-CIS+ 2_ 


DELAYED 


00 e -D 


IdU 


C01-CP2 


CIT_OPS+ ) 



DIGITAL OUTPUT: MULTIBIT OUTPUT 


EXECUTION "2- 2. 66 
TIME— WORD TIMES MICROSECONDS 


OPERATION 


MODE 


SYMBOLIC 

OPERATION 

CODE 


INSTRUCTION 


NEXT 

INSTRUCTION 

ADDRESS 


NOTES: (1) Registers: No Change. (2) This connmand, OUM track 4, directs output to 
the visual display on the operator's console. (3) BCD information from A__ . directed to 
display: -A-20-L7 *° <=^^^3-«=ter D5; A ,_ to D4; A to D3; A ^^ to I52;an^A.___ to Dl. 
(4) AdditionaFtjUM tracks are availatue as options; w"hen other tra<?ks are- used, T.-^its irona 
the A register turn devices on and 0-bits turn devices off. 


OP 
CODE 


OPERAND 


Output BCD characters to display. 


NORMAL 


COM 


00f(, 


OO'f-iJUtJ 


CIT-C1S+ '2. 


DELAYED 


au^ -D 


10 V^ 


ad'OPS 


CIT-OPS+ / 








DIGITAL OUTPUT: LOGGING TYPEWRITER 



EXECUTION 
TIME— 



WORD TIMES 



MICROSECONDS 



OPERATION 



Output one character 
to logging typewriter. 



SYMBOLIC 

OPERATION 

CODE 






dW- -D 



INSTRUCTION 



OP 
CODE 



OO'U 



/096 



oosr-iJUtJ 



CO 9- Q PS 



NEXT 

INSTRUCTION 

ADDRESS 



CIT-CIS+ 2_ 



CIT-OPS+ I 



NOTES: (1) Registers: No Change. (2) A/_, is decoded and printed on logging typewriter. 



CONVENTIONS, ABBREVIATIONS, AND SYMBOLS 



A Working Register A, 

or Accumulator 

B Working Register B 

C Working Register C 

D Working Register D 

I Working Register I, or Index 

X Working Register X 

M Interrupt Register M 

(Ml, M2, M3, and M4) 

Q Interrupt Register Q 

(Ql, Q2, Q3, and Q4) 

-N Normal Mode 

-NI Normal Mode, Indexed 

-D Delayed Mode 

-DI Delayed Mode, Indexed 

-O Operand Mode 

-U Upper Fill, version of 

Operand Mode 

SYMB Symbolic 

NNN Numbers not effective in 
instruction, except in Set 
Analog Sequence 



A,-l 



Bits 7-1 of A register 



Sign bit of A register, or A 



28 

*S, 14-1 Sign bit (B-^) and bits 14-1 of 
B register 



NIA 
CIT 
CIS 
CIA 

OPT 
OPS 
OPA 

^TTT 

^SSS 
PPP 



Next Instruction Address 

Current Instruction Track 

Current Instruction Sector 

Current Instruction Address, 
equals CIT-CIS 

Operand Track 

Operand Sector 

Operand Address, equals OPT-OPS 

Track Field of C Register, 
equals Gj^_g 

Sector Field of C Register, 

equals C^ , 
7-1 

Number of Places Shifted 



OPRND Number contained in bits 16-1 
(or 14-1) of an instruction 



NOTE that the track address for the 
next instruction can be changed only 
by Jump Instructions, or by Inhibit 
Interrupt On or Off Instructions. 

NOTE that operation codes, operand 
addresses, and next instruction 
addresses are given in octal notation.. 



EXAMPLES: If NIA equals CIT-CIS+2, 

computer will find its next instruction in the 

current instruction track, at the sector 

numbered two greater than the current 

sector; thus, if CIA (CIT-CIS) equals 

042-016, NIA equals 042-020. If NIA equals 

CIT-OPS+1, and CIT equals 063 and OPS 

equals 177, then NIA equals 063-000 (note 

that track address is not incremented; 

sectors are added modulo 200^) o 

o 



